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CHAPTER 1:  GENERAL INTRODUCTION 
Introduction 
In agricultural and urban areas, water quality declines are occurring nationwide due to 
nutrient runoff from row crop fields, animal feedlots, storm sewers and lawn fertilizers 
(Egertson and Downing 2004).  At 72%, Iowa ranks the highest in the nation in land 
converted to cropland (Natural Resources Conservation Service 2000). Furthermore, 87% of 
Iowa’s land area has been altered either by urbanization or agriculture (Natural Resources 
Conservation Service 2000).  With this much land impacted, it is no surprise that a majority 
of the lakes in Iowa are classified as either eutrophic or hypereutrophic, with nutrient 
concentrations ranking in the top half of lakes worldwide (Arbuckle and Downing 2001).  
Clear Lake is no exception.  In the past 60 years, Clear Lake has experienced increases in 
suspended sediments, nutrients, and phytoplankton concentrations, while water clarity has 
decreased, lake depth has decreased due to sedimentation, and submerged macrophytes have 
all but disappeared (Downing et al. 2001; Anthony and Downing 2003; Egertson et al. 2004).  
Agriculture doesn’t deserve all the blame, however.  Common Carp (Cyprinus carpio) have 
been present in Clear Lake for the better part of the past century and in recent decades, carp 
densities have experienced a substantial increase (Schrage and Downing 2001; Wahl 2001). 
The common carp, since its introduction to North America, has been associated with 
declines in water quality.  Carp re-suspend sediments while foraging for macroinvertebrates, 
causing increased turbidity.   Increased turbidity results in decreased photosynthesis and 
growth of vascular plants (Chumchal et al. 2005), which play an important role in reducing 
re-suspension of sediments by the wind (Egertson and Downing 2004).  Carp also uproot 
vegetation, further reducing macrophyte growth (Crivelli 1983) and eliminating important 
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fish and macroinvertebrate habitat (Egertson and Downing 2004).   Typically, carp 
populations grow to high densities which results in the release of large amounts of nutrients 
(Driver et al. 2005), creating the potential for cyanobacterial blooms that can reduce oxygen 
levels and ultimately cause fish kills (Parkos et al. 2003).  This trend holds true for Clear 
Lake with biomass estimates of common carp reaching 540 kilograms per hectare in 2003 
(Larscheid 2005). 
To add to Clear Lake’s water quality puzzle, zebra mussels (Dreissena polymorpha) 
were discovered in the lake in 2005.  Since their introduction into the Great Lakes in 1986, 
zebra mussels have become highly invasive, spreading throughout the Great Lakes and the 
Upper Mississippi River watershed (Raikow 2004).  Like common carp and other invasive 
species, zebra mussels typically experience very rapid population growth upon introduction 
into a new system, potentially causing water quality shifts (Chase and Bailey 1999).  Because 
they are filter feeders, zebra mussels remove sediments, nutrients and phytoplankton from the 
water column and redirect them to the benthic environment, generally improving water 
quality (MacIsaac et al. 1999).  Lakes that are infested by zebra mussels usually show a 
decrease in phytoplankton and small zooplankton of 50-75 percent and an increase in water 
clarity of 50-100 percent (MacIsaac 1996; Karatayev et al. 1997).  Deposition of nutrients 
coupled with increased water clarity in shallow lakes, like Clear Lake, often stimulates 
growth of benthic algae and macrophytes (Mayer et al. 2002; Garton et al. 2005).  
Furthermore, zebra mussel shells provide habitat and increased nutrients provide food for 
benthic invertebrates, which often experience an increase in biomass following a zebra 
mussel invasion (Stewart et al. 1998; Baines et al. 2005).  
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Effects of a zebra mussel invasion may not always be favorable, however.  Zebra 
mussels consume diatoms and excrete large amounts of phosphorous that can re-enter the 
water column if it is not taken up by other benthic organisms (Vanderploeg et al. 2001; 
Conroy et al. 2005).  Increasing phosphorous levels along with diatom consumption can 
result in cyanobacterial blooms (Vanderploeg et al. 2001; Conroy et al. 2005).  These 
cyanobacteria are a poor food source for zooplankton and benthic invertebrates so they are 
not consumed.  The resulting blooms and subsequent decomposition can lead to oxygen 
deficits that can result in poor water quality and potentially, fish kills (Vanderploeg et al. 
2001; Raikow et al. 2004).  Since zebra mussels are relatively new to Clear Lake, it is still 
uncertain to what extent they will impact the ecosystem. 
As Iowa’s third largest natural lake, Clear Lake is an important natural resource to the 
City of Clear Lake and the region (Downing et al. 2001b).  For over a century people have 
been visiting Clear Lake for recreational use, such as fishing, boating, camping, swimming 
and picnicking.  The economic impact on the City of Clear Lake and the surrounding area 
generated from these activities is huge (Azevedo et al. 2001).  According to the Iowa Lakes 
Valuation Project, from 2002-2005 $43.36 million was spent annually on recreation at Clear 
Lake (Center for Agricultural and Rural Development 2008).  Clear Lake is also valued 
highly as a fishery (Wahl 2001).  In recent years, fishing has focused on walleye and yellow 
bass, but historically, Clear Lake supported northern pike, largemouth bass, bluegill and 
crappie fisheries.  Improving water quality and the diversity of the fishery in Clear Lake has 
become important to both the Clear Lake community and the Iowa Department of Natural 
Resources (DNR) (Downing et al. 2001a). 
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With water quality being important to the Iowa DNR and the residents of Clear Lake, 
steps are being taken to improve Clear Lake’s water.  Common carp have been commercially 
harvested for decades in effort to reduce numbers (Downing et al. 2001a).  A dredging 
project was completed in 2009 to create a sedimentation basin to reduce the amount of 
sediment that enters the lake.  Finally, a restoration project of Ventura Marsh is set to begin 
in 2010 (Iowa Department of Natural Resources 2008).  Ventura Marsh is located at the west 
end of Clear Lake and is a major source of nutrients the lake.  Ventura Marsh also serves as a 
large reproductive area for common carp, and is believed to serve as a source of juvenile carp 
to Clear Lake (Iowa Department of Natural Resources 2008).  The plan will replace the 
current fish control structure and add a pump station that allows managers to control water 
levels in the marsh.  The marsh will be drawn down to induce fish kills and allowed to re-
vegetate.  Once the marsh has been re-vegetated and the rough fish have died off, the marsh 
should act to filter water before it enters Clear Lake (Iowa Department of Natural Resources 
2008). 
Few studies have been conducted on effects of zebra mussels on small, shallow, 
eutrophic lakes.  These lakes (Clear Lake included) are characterized by large areas of mud 
and silt with small areas of sand, gravel and rock scattered throughout the lake.  Soon after 
zebra mussels were introduced in Oneida Lake, New York, water clarity, abundance of 
benthic macroinvertebrates and macrophytes, and benthic primary production increased, 
while phytoplankton and zooplankton biomasses declined (Horgan and Mills 1997; Idrisi et 
al. 2001; Mayer et al. 2002).  In Hargus Lake, Ohio, similar ecosystem responses were 
observed after the zebra mussel invasion, with water clarity increasing as phytoplankton 
biomass and other suspended organic matter concentrations decreased (Yu and Culver 2000).  
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In 1998 zebra mussels were introduced into Lake Winnebago, Wisconsin, resulting in 
declines in particulate matter in the water column as well as a decline in phytoplankton 
biomass (Wisconsin Department of Natural Resources 2004). 
Results from these studies suggest that Clear Lake will experience an overall increase 
in water quality, however it remains uncertain how zebra mussels and common carp will 
interact.  Will zebra mussels’ ability to filter, counteract the effects that common carp have 
on water quality?  Or will zebra mussel densities remain relatively low, due to lack of hard 
substrate to settle on?  These are some important questions that managers of Clear Lake are 
facing, and only time will tell exactly what impact zebra mussels have on the Clear Lake 
ecosystem. 
My study focuses on the fish community of Clear Lake.  Several studies have shown 
that zebra mussels have the ability to alter food weds and fish communities.  In a study done 
on larval bluegill (Lepomis macrochirus) and zebra mussel food web interactions (Raikow 
2004), it was shown that zebra mussels consume enough microzooplankton to negatively 
affect the early growth stages of larval bluegills by as much as 24 percent.  In Lake Huron, 
Schaeffer et al. (2001) found that the introduction of zebra mussels resulted in a decrease in 
recruitment of yellow perch (Perca flavascens) and a dramatic increase in the size of adults.   
Finally, Strayer et al. (2004) showed that in the Hudson River, open-water species declined 
in size and number following a zebra mussel invasion, while fish living near shore in the 
littoral zone showed an increase.  Furthermore, Downing et al. (1990) identified several 
environmental variables linked to fish production; which include primary production, fish 
biomass and phosphorus.  With Clear Lake having a large biomass of common carp and high 
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phytoplankton concentrations we predict that some of these same variables will be related to 
growth of fish in Clear Lake. 
Understanding how fish are growing and what influences that growth is an important 
tool for fisheries managers.  Growth studies can give insight into how fast exploited 
populations will rebound (Larscheid 2005), aid in predicting year class size of game species 
and allow managers to make decisions about number and frequency of stocking regimes.  
Furthermore, understanding what specific variables are correlated with growth of fish can be 
useful in guiding management actions in a system (DeVries and Frie 1996). 
The first objective of this study was to examine how fish growth is correlated to 
fluctuating conditions within Clear Lake.  Among factors considered were commercial 
harvest of common carp in the previous year, zebra mussel density, annual number of degree 
days where water temperature exceeded 5 
o
C, zooplankton density (copepods and 
cladocerans), and chlorophyll a concentrations.  The second objective was to compare 
current growth of fish in Clear Lake with growth of fish collected in previous Clear Lake 
studies.  Clear Lake was a much different system historically (Bailey and Harrison 1945) and 
if management actions are successful, Clear Lake will experience conditions more similar to 
historic conditions (Iowa Department of Natural Resources 2008).  By comparing historical 
and current fish growth we may be able to make some predictions about how fish growth will 
respond to management actions.  I selected four fish species to represent multiple levels of 
the food web within Clear Lake.  These fish species included common carp, black bullhead 
(Ameiurus melas), yellow bass (Morone mississippiensis) and walleye (Sander vitreus).  
Common carp are primarily benthic feeders that search for macroinvertebrates by sticking 
their snout down into the sediments (Parkos et al. 2003).  Black bullheads are omnivores, 
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usually feeding near the bottom on macroinvertebrates and small fish (Mayhew 1987).  
Yellow bass are a mid-range predator feeding on zooplankton and macroinvertebrates near 
the bottom, but also feeding on small fish throughout the water column as adults (Mayhew 
1987).  Walleye, as adults, are almost entirely piscivorous, feeding on minnows, yellow 
perch, bluegills and other small fish (Mayhew 1987).  When choosing these fish species, we 
wanted to include fish from several trophic guilds to examine how growth at different levels 
of the food web are related to common carp and zebra mussels.   
I collected aging structures from the four fish species in September and October of 
2007 and 2008.  Aging structures were processed in the lab and age and annual growth 
increments were calculated with a computerized image analysis system.  Environmental 
variables listed above were collected from various sources to test for relationships with fish 
growth. 
Thesis Organization 
This thesis consists of two chapters.  In chapter 1, I introduce my thesis topic, provide 
background information and state the objectives of my research.  Chapter 2 is a manuscript of 
my research to be submitted to a scholarly journal.  Additional graphs not used in the 
manuscript are located in appendices. 
References 
Anthony, J. L., and J. A. Downing. 2003. Physical impacts of wind and boat traffic on Clear 
Lake, Iowa. Lake and Reservoir Management 19:1-14. 
8 
 
Arbuckle, K. E., and J. A. Downing. 2001. The influence of watershed land use on lake N:P 
in a predominantly agricultural landscape. Limnology and Oceanography 46(4):970-
975. 
Azevedo, C., J. Herriges and C. Kling. 2001. Valuing preservation and improvements of 
water quality in Clear Lake. In Downing, J. A., J. Kopaska and D. Bonneau, editors. 
Clear Lake Diagnostic & Feasibility Study. Iowa Department of Natural Resources, 
Des Moines. 
Bailey, R. and H. Harrison. 1945. The fishes of Clear Lake, Iowa. Iowa State College Journal 
of Science 20:57–77. 
Baines, S. B., N. S. Fisher, and J. J. Cole. 2005. Uptake of dissolved organic matter (DOM) 
and its importance to metabolic requirements of the zebra mussel, Dreissena 
polymorpha. Limnology and Oceanography 50:36-47. 
Campana, S. E. 2001. Accuracy, precision and quality control in age determination, including 
a review of the use and abuse of age validation methods. Journal of Fish Biology 
59:197-242. 
Center for Agricultural and Rural Development. 2008. Iowa lakes valuation project. Iowa 
State University. http://www.card.iastate.edu/lakes. (September 2009). 
Chase, M. E., and R. C. Bailey. 1999. The ecology of the zebra mussel in the lower Great 
Lakes of North America: I. Population dynamics and growth. Journal of Great Lakes 
Research 25:107-121. 
Chumchal, M. M., W. H. Nowlin, and R. W. Drenner. 2005. Biomass-dependent effects of 
common carp on water quality in shallow ponds. Hydrobiologia 545:271-277. 
9 
 
Conroy, J. D., W. J. Edwards, R. A. Pontius, D. D. Kane, H. Zhang, J. F. Shea, J. N. Richey, 
and D. A. Culver. 2005. Soluble nitrogen and phosphorus excretion of exotic 
freshwater mussels (Dreissena spp.): potential impacts for nutrient remineralisation in 
western Lake Erie. Freshwater Biology 50:1146-1162. 
Crivelli, A. J. 1983. The destruction of aquatic vegetation by carp. Hydrobiologia 106:37-41. 
DeVries, D. R. and R. V. Frie. 1996. Determination of age and growth. Pages 483-512 in B. 
R. Murphy and D. W. Willis, editors. Fisheries techniques, 2nd edition. American 
Fisheries Society, Bethesda, Maryland. 
Downing, J. A., C. Plante and S. Lalonde. 1990. Fish production correlated with primary 
productivity, not the morphoedaphic index. Canadian Journal of Fisheries and Aquatic 
Sciences 47:1929-1936. 
Downing, J. A., J. Kopaska, R. Cordes, and N. Eckles. 2001a. Clear Lake Diagnostic and 
Feasibility Study. Technical report. Iowa Department of Natural Resources. 
Downing, J., J. Kopaska, R. Cordes, and D. Knoll, 2001b. An Introduction to Clear Lake, 
Iowa. Technical report, Iowa Department of Natural Resources. 
Driver, P. D., G. P. Closs, and T. Koen. 2005. The effect of size and density of carp on water 
quality in an experimental pond. Archive fur Hydrobiologie 163:117-131. 
Egertson, C. J., and J. A. Downing. 2004. Relationship of fish catch and composition to 
water quality in a suite of agriculturally eutrophic lakes. Canadian Journal of Fisheries 
and Aquatic Sciences 61:1784-1796. 
Egertson, C. J., J. A. Kopaska, and J. A. Downing. 2004. A century of change in macrophyte 




Garton, D. W., C. D. Payne, and J. P. Montoya. 2005. Flexible diet and trophic position of 
dreissenid mussels as inferred from stable isotopes of carbon and nitrogen. Canadian 
Journal of Fisheries and Aquatic Sciences 62:1119-1129. 
Horgan, M. J., and E. L. Mills. 1997. Clearance rates and filtering activity of zebra mussel 
(Dreissena polymorpha): implications for freshwater lakes. Canadian Journal of 
Fisheries and Aquatic Sciences 54:249–255. 
Idrisi, N., E. L. Mills, L. G. Rudstam, and D. J. Stewart. 2001. Impact of zebra mussels 
(Dreissena polymorpha) on the pelagic lower trophic levels of Oneida Lake, New 
York. Canadian Journal of Fisheries and Aquatic Sciences 58:1430–1441. 
Iowa Department of Natural Resources. 2008. Lake restoration 2008 report and 2009 plan. 
Submitted to Joint Appropriations Subcommittee on Transportation, Infrastructure, and 
Capitals; Legislative Services Agency. 
Larscheid, J. G. 2005. Population densities, biomass and age-growth of Common Carp and 
Black Bullheads in Clear Lake and Ventura Marsh. Technical report, Iowa Department 
of Natural Resources. 
MacIsaac, H. J., O. E. Johannsson, J. Ye, W. G. Sprules, J. H. Leach, J. A. McCorquodale, 
and I. A. Grigorovich. 1999. Filtering impacts of an introduced bivalve (Dreissena 
polymorpha) in a shallow lake: application of a hydrodynamic model. Ecosystems 
2:338-350. 
Mayhew, J. (editor). 1987. Iowa Fish and Fishing. Iowa Department of Natural Resources, 
Des Moines, Iowa. 323 pp. 
11 
 
Mayer, C. M., R. A. Keats, L. G. Rudstam, and E. L. Mills. 2002. Scale-dependent effects of 
zebra mussels on benthic invertebrates in a large eutrophic lake. Journal of the North 
American Benthological Society 21:616-633. 
Natural Resources Conservation Service. 2000. Natural resources inventory. 1997 Summary 
Report. U.S. Department of Agriculture. Ames, Iowa. 
Parkos, J. J., V. J. Santucci, Jr., and D. H. Wahl. 2003. Effects of adult common carp 
(Cyprinus carpio) on multiple trophic levels in shallow mesocosms. Canadian Journal 
of Fisheries and Aquatic Sciences 60:182-192. 
Raikow, D. F. 2004. Food web interactions between larval bluegill (Lepomis macrochirus) 
and exotic zebra mussels (Dreissena polymorpha). Canadian Journal of Fisheries and 
Aquatic Sciences. 61:497–504. 
Raikow, D. F., O. Sarnelle, A. E. Wilson, and S. K. Hamilton 2004. Dominance of the 
noxious cyanobacterium Microcystis aeruginosa in low-nutrient lakes is associated 
with exotic zebra mussels. Limnology and Oceanography 49:482-487. 
Schaeffer, J. S., M. V. Thomas, and R. C. Haas. 2001. Effects of zebra mussel invasion on 
diet and growth of yellow perch in Saginaw Bay, Lake Huron. American Fisheries 
Society Annual Meeting 131:168. 
Schrage, L. J. and J. A. Downing. 2001. Pathways leading to water quality restoration in 
Ventura Marsh following benthivorous fish removal. Pages 206-231 in Downing, J. A., 
J. Kopaska, and D. Bonneau, editors. Clear Lake Diagnostic and Feasibility Study. 
Iowa Department of Natural Resources, Des Moines.  
12 
 
Stewart, T. W., J. G. Miner, and R. L. Lowe. 1998. Quantifying mechanisms for zebra 
mussel effects on benthic macroinvertebrates: organic matter production and shell-
generated habitat. Journal of the North American Benthological Society 17:81-94. 
Strayer, D. L., K. A. Hattala, and A. W. Kahnle. 2004. Effects of an invasive bivalve 
(Dreissena polymorpha) on fish in the Hudson River estuary. Canadian Journal of 
Fisheries and Aquatic Sciences 61:924-941. 
Vanderploeg, H. A., J. R. Liebig, W. W. Carmichael, M. A. Agy, T. H. Johengen, G. L. 
Fahnenstiel, and T. F. Nalepa. 2001. Zebra mussel (Dreissena polymorpha) selective 
filtration promoted toxic Microcystis blooms in Saginaw Bay (Lake Huron) and Lake 
Erie. Canadian Journal of Fisheries and Aquatic Sciences 58:1208-1221. 
Wahl, J. 2001. An analysis of the fishery of Clear Lake, Iowa. 2001. Pages 272-276 in 
Downing, J. A., J. Kopaska, and D. Bonneau, editors. Clear Lake Diagnostic and 
Feasibility Study. Iowa Department of Natural Resources, Des Moines. 
Wisconsin Department of Natural Resources. 2004. Self-help lake monitoring data. World 
Wide electronic publication. 
http://dnr.wi.gov/org/water/fhp/lakes/Selfhelp/Reports/Reports.asp? 
County=Winnebago. 
Yu, N. and D. A. Culver. 2000. Can zebra mussels change stratification patterns in a small 




CHAPTER 2. FISH GROWTH RESPONSES TO A CHANGING ENVIRONMENT: 
EFFECTS OF AQUATIC NUISANCE SPECIES AND ENVIRONMENTAL 
CONDITIONS IN A SHALLOW, EUTROPHIC LAKE   
 
A manuscript to be submitted to the North American Journal of Fisheries Management 
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Abstract 
Growth rates of fish may vary in response to changing environmental conditions and 
presence of aquatic nuisance species (ANS).  Two ANS, common carp and zebra mussels, 
are present in Clear Lake, Iowa, and may affect growth rates of fish along with other 
environmental factors.  We (1) documented annual growth rates of four fish species in their 
first year of life and at maturity in Clear Lake, (2) examined relationships of growth with 
environmental factors, and (3) compared contemporary growth to previous studies.  Age-0 
black bullhead, common carp, walleye and yellow bass showed a significant, positive 
relationship with common carp commercial harvest in the previous year and annual number 
of degree days where water was above 5
o
C.  Chlorophyll a concentration showed a positive 
relationship with age-0 growth of common carp and yellow bass.  Age-0 black bullhead 
growth was positively related with zooplankton concentration and common carp and yellow 
bass were negatively related.  We saw no significant relationships between environmental 
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variables and annual growth at length-at-maturity.  Black bullheads grew similarly in 1955 
and this study, but showed slower growth in 1999.  Common carp were growing substantially 
faster in 1952 than in 1999 and the present.  Walleye mean length-at-age data collected in 
this study was similar to the mean length-at-age data recorded in the two historical studies.  
In the 1940’s, yellow bass were growing substantially faster than in the 1960’s and currently.  
Our results demonstrate that growth of all four species has changed over time, that growth 
varies in response to environmental factors and ANS, and that continued management of 
common carp by removal may result in faster growth early in the life cycle of several fish 
species in Clear Lake. 
Introduction 
Growth, along with several other factors such as recruitment and mortality, regulate 
fish populations and therefore understanding these elements is essential to fisheries 
management (DeVries and Frie 1996; Carlander 1997a).  Growth can be an indicator of 
potential problems (e.g. overfishing, lack of food, etc.) and provide feedback on management 
actions, so understanding what factors influence growth can be a useful management tool 
(Quist et al. 2003).  Several factors have been identified as being important to understanding 
fish growth, including forage availability (Welker et al. 1994; DeVries et al. 1998; Bremigan 
et al. 2003), inter- and intraspecific competition (Ridenhour 1960; Jenkins et al. 1999; Post et 
al. 1999; Lorenzen and Enberg 2002) and temperature (Kelso 1972; Momot et al. 1977; 
Staggs and Otis 1996). 
When aquatic nuisance species (ANS) are introduced into a system they often alter 
many environmental factors, several of which may affect fish growth.  Common carp are 
notorious for having negative impacts on water quality.  Carp re-suspend sediments and 
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uproot vegetation while foraging for macroinvertebrates, causing increased turbidity and 
reduced food availability for other fish species (Crivelli 1983; Schrage and Downing 2001).   
Increased turbidity results in decreased photosynthesis and growth of vascular plants 
(Chumchal et al. 2005), which play an important role in reducing re-suspension of sediments 
by the wind as well as providing important fish and macroinvertebrate habitat (Egertson and 
Downing 2004).   Typically, carp populations grow to high densities which results in high 
internal loading of nutrients through excretion and re-suspension of nutrients from sediments 
back into the water column (Lamarra 1975; Chumchal et al. 2005; Driver et al. 2005), 
creating the potential for cyanobacterial blooms that can reduce oxygen levels and ultimately 
cause fish kills (Parkos et al. 2003).  This trend of rapid population increase holds true for 
Clear Lake with biomass estimates of common carp reaching 540 kilograms per hectare in 
2003 (Larscheid 2005). 
Zebra mussels typically experience very rapid population growth upon introduction 
into a new system, potentially causing water quality shifts (Chase and Bailey 1999).  Because 
they are filter feeders, zebra mussels remove sediments, nutrients and phytoplankton from the 
water column and redirect them to the benthic environment, generally improving water 
quality (MacIsaac et al. 1999).  Lakes that are infested by zebra mussels usually show a 
decrease in phytoplankton and small zooplankton of 50-75 percent and an increase in water 
clarity of 50-100 percent (MacIsaac 1996, Karatayev et al. 1997).  These effects tend to 
improve water quality, however the effects on phytoplankton and zooplankton may result in 
reduced prey availability for zooplankton and planktivorous fish.  Deposition of nutrients 
coupled with increased water clarity in shallow lakes, like Clear Lake, often stimulates 
growth of benthic algae and macrophytes (Mayer et al. 2002, Garton et al. 2005).  
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Furthermore, zebra mussel shells provide habitat and increased nutrients provide food for 
benthic invertebrates, which often experience an increase in biomass following a zebra 
mussel invasion (Stewart et al. 1998, Baines et al. 2005). 
Zebra mussels were discovered in Clear Lake in 2005 and common carp have been 
present since the early 1900’s.  In the past 60 years, Clear Lake has experienced increases in 
suspended sediments, nutrients, and phytoplankton concentrations, while water clarity has 
decreased, lake depth has decreased due to sedimentation, and submerged macrophytes have 
all but disappeared (Downing et al. 2001, Anthony and Downing 2003, Egertson et al. 2004).  
This is mainly due to the large amount of agriculture in the watershed and the large biomass 
of common carp in the lake.  In response to this, management actions have been implemented 
to improve water quality and fishing opportunities.  These management actions include carp 
removals, dredging, and conversion of agricultural land to CRP within the Clear Lake’s 
watershed (Iowa Department of Natural Resources 2008). 
This study focuses on the fish community of Clear Lake, specifically how growth of 
some common species is related to environmental variables, mechanical control of common 
carp and the early stages of a zebra mussel invasion.  Other studies have found factors that 
affect fish growth to include temperature (Staggs and Otis 1996) and density dependent 
mechanisms due to food limitations and competition (Bowen et al. 1991).  Furthermore, 
Downing et al. (1990) identified several environmental variables linked to fish production; 
which include primary production, fish biomass and phosphorus.  With Clear Lake having a 
large biomass of common carp and high phosphorus and phytoplankton concentrations we 




The first objective of this study was to determine which environmental factors, along 
with removals of common carp and the growing biomass of zebra mussels, are related to 
growth of fish in Clear Lake, Iowa.  The second objective was to compare current fish 
growth in Clear Lake with historical fish growth in Clear Lake.  This will provide us with 
some insight into how fish were growing before Clear Lake experienced the era of poor 
water quality and ANS and also allow us to make some predictions of how fish growth will 




 Clear Lake is a shallow, eutrophic lake located in Cerro Gordo County in north 
central Iowa.  It has a surface area of 1474 hectares, a watershed area of 4888 hectares, a 
mean depth of 2.9 m, and a maximum depth of 5.8 meters.  Substrate is characterized by 
extensive mud flats with a few rocky reefs and sandy areas.  Historically, Clear Lake 
supported large stands of aquatic vegetation, but due to poor water clarity, aquatic vegetation 
is currently limited to emergent species along the shorelines (Egertson et al. 2004). 
 The dominant fish species include yellow bass, walleye, and common carp (Colvin et 
al. 2009).  This is a sharp contrast to the historical fish community which was dominated by 
largemouth bass, Micropterus salmoides, bluegill, Lepomis macrochirus, and northern pike, 
Esox lucius (Bailey and Harrison 1945).  Fish species diversity has also declined drastically 
since 1945, when there were 43 species recorded ((Bailey and Harrison 1945), including 
several darter and minnow species that are no longer present.  Currently, Clear Lake supports 
23 fish species (Colvin et al. 2009). 
18 
 
Fish and Aging Structure Collection 
 
Fish sampling was conducted as part of another study in the fall of 2007 and 2008 
(Colvin et al. 2009).  Additional samples of common carp were collected in the springs of 
2007 and 2008.  A 132 m beach seine that is 3.5 m in depth with a 3.5 m x 3.5 m bag in the 
center and 6 mm mesh was used to sample the near-shore fish community on 17 and 19 
September 2007 and 15 September 2008.  The seine was set in a semicircle extending out 
from the shoreline and both ends of the seine were pulled to shore simultaneously (Liao et al. 
2004).  The offshore fish community was sampled from 24-27 September 2007 and 22-25 
September 2008 using a semi-balloon otter trawl with an 8 m head rope, 3.8 cm stretch mesh 
body, and 6.3 mm mesh cod end (Larscheid 2005). The trawl was towed at a speed of 3.2-4 
km per hour for a period of 5 minutes in each of 40 sampling runs.  Night electrofishing was 
conducted on 4 October 2007 and 4 and 12 November 2008 to obtain a larger sample of 
walleyes.  Common carp were captured by commercial fisherman on 7 May 2007, 13 
November 2007, 3 June 2008 and 11 November 2008.   
We used dorsal spines for aging and back-calculation of lengths at previous ages for 
common carp and walleyes, pectoral spines for black bullheads, and sagittal otoliths for 
yellow bass.  Upon capture, common carp, walleyes and black bullheads were measured in 
total length (nearest mm), an aging structure was removed and the fish were released.  
Yellow bass and black bullheads were selected randomly and frozen or preserved in formalin 
for later length measurement and extraction of aging structures.  Common carp and walleye 
dorsal spines were removed by cutting the spine as close to the base as possible with a side 
cutters.  Black bullhead pectoral spines were removed by laying the spine flat against the 
fish’s body and rotating it dorsally until the articulating process separated from the joint.  All 
19 
 
spines were placed in a scale envelope and allowed to air dry.  In the lab, sagittal otoliths 
were removed from yellow bass by making a dorso-ventral cut from the top of the head 
through the preopercle and bending the head away from the body (Secor et al. 1991).  
Otoliths were rinsed in water and placed in a scale envelope and allowed to dry.   
 
Aging Structure Preparation 
 
Large common carp dorsal spines were dried and sectioned with a Buehler Isomet 
low speed saw at a thickness of 0.8-1.0 mm, using a diamond wafering blade.  Small 
common carp dorsal spines, walleye dorsal spines and black bullhead pectoral spines were 
mounted in epoxy for sectioning.  A 5 ml or 2 ml polypropylene microcentrifuge tube was 
selected based on size of the spine.  The end was cut off and a small piece of modeling clay 
was placed in the cap of the microcentrifuge tube and the spine was stuck in the clay with the 
proximal end pointing up.  The tube was then put back on the cap and filled with Buehler 
Epoxicure two part epoxy and allowed to dry overnight (Koch and Quist 2007).  Upon 
hardening, the mounted spine was pushed out of the microcentrifuge tube and sectioned with 
a Buehler Isomet low speed saw at a thickness of 0.8-1.0 mm, using a diamond wafering 
blade.  Large yellow bass otoltihs were broken in half along the dorso-ventral axis and 
sanded, first with 400 grain sandpaper until the nucleus was reached, and then polished with 
1200 grit sandpaper (Secor etal. 1991).  The otolith half was pushed into black clay (polished 
surface up) and covered with a drop of immersion oil for viewing.  Small yellow bass otoliths 
that were too small to break in half were mounted in epoxy as described above and sectioned 
as close to the nucleus as possible and polished, first with 400 grain sandpaper until the 
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nucleus was reached and then with 1200 grain sandpaper (Secor et al. 1991).  These were 
also pushed into black clay and covered with immersion oil for viewing. 
 
Measurement of Inter-Annular Distances 
 
Aging structures were examined under a dissecting microscope (0.8x – 11.5x 
magnification) fitted with a computerized video image analysis system.  A still image (2560 
x 1920 pixels) of each structure was saved for aging and measurement.  The structures were 
aged and measurements of distance between annuli were made independently by two readers 
without knowledge of the size of the fish.  Measurements were taken along the longest axis 
of the structure from the origin of the structure to the edge for dorsal and pectoral spines.  
Yellow bass otoliths were measured from the nucleus to the edge, along the sulcal groove.  
When there was a discrepancy between the two readers, the structure was viewed together 
and a consensus was reached.  If a consensus could not be reached the structure was excluded 
from analysis. 
Back-calculation of length at age was done using the Dahl-Lee (direct proportion) 
method.  The Dahl-Lee formula is 
Li = (Si/Sc)Lc  
Where Li = back-calculated fish body length at age i, Lc = fish body length at capture, 
Si = mean aging structure length at annulus i, and Sc = mean aging structure total length 
(DeVries and Frie 1996).  Back-calculated lengths at age were averaged for each fish from 





Size-Specific Analysis of Growth 
 
We used a size-specific approach to analyze growth of the four fish species.  Size-
specific analyses relate growth to body size rather than age (Pierce et al. 2003).  Fish of the 
same age can vary greatly in size, so analyzing growth of similarly sized fish may be more 
useful than comparing similarly aged fish.  Annual growth for a given year was calculated by 
taking the difference between two lengths-at-age in consecutive years.  The year in which the 
aging structure was collected was excluded from analysis because the fish had not yet 
experienced a full growing season. 
Annual growth was plotted against length at the beginning of the growing season.  
Estimates of length at hatching were obtained from the literature (Holland-Bartels et al. 
1990) and used as the length at the beginning of the growing season for fish in their first year 
of life.  For black bullhead and walleye 7 mm was used for length at hatching, for common 
carp 3.5 mm and for yellow bass 3 mm.  For older ages, back-calculated length for the 
previous year was used.  We used locally weighted scatterplot smoothing (LOWESS) 
regression (e.g., Pierce et al. 2003) to fit a curve to the growth data.  LOWESS is a 
nonparametric regression method appropriate where the data suggest no particular parametric 
model form (Cleveland 1979).  After testing several different smoothing parameters (span in 
Program R) for LOWESS, we selected a smoothing parameter that worked best for each 
species individually.  For common carp and yellow bass we used a span = 1 and for walleye 
and black bullhead we used a span = 1.2.  These parameters provided accurate fits to the data 
that represent the growth patterns in the dataset, while not allowing overpowering influence 




 We chose mean annual growth at age-0 (AG-0) and mean annual growth at length of 
maturity (AG-m) as expressions of growth for size-specific comparisons, because they 
represent two important stages in the life cycle of fishes.  LOWESS regressions represent 
“average” annual growth of fish at all sizes in a given year, therefore allowing us to estimate 
growth for any size fish in that year.  We obtained age of maturity estimates from the 
literature (Carlander 1997a; Carlander 1997b) and averaged back-calculated lengths at that 
age for each fish species, to obtain length at maturity for our dataset.  Ages at maturity used 
were age-3 for black bullhead and walleye and age-2 for common carp and yellow bass.  
Since age-0 fish begin growing at a fairly consistent length at hatching, age-specific and size-
specific growth are identical, therefore AG-0 was estimated by averaging length at age-1.  
Estimates of AG-m were obtained from LOWESS regressions. 
 
Growth Relationships with Environmental Variables, Carp Harvest and Zebra Mussel 
Density 
 Environmental variables were selected for analysis of relationships with growth.  
Common carp commercial harvest (hereafter referred to carp harvest) data were obtained 
from the Iowa Department of Natural Resources (DNR) records.  We used carp harvest in the 
previous year to relate to growth because carp are harvested late in the fall and effects of 
removal are likely not experienced until the following growing season.  Temperature data 
from the nearest station (Mason City, Iowa) were obtained from the National Oceanic and 
Atmospheric Administration (NOAA) Satellite and Information Service website (NOAA 
2009), and daily mean water temperature was estimated using an air/water relationship 
developed for Clear Lake (Jacobsen 1968).  We chose to use the number of degree days 
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where water temperature exceeded 5
o
C (hereafter referred to as degree days) as a metric for 
temperature, because it encompasses most of the open water season and the temperature 
range where most fish growth occurs.  Hokanson (1977) reported that walleyes experience no 
gain in biomass at temperatures below 6
o
C, thus we assumed that 5
o
C and greater should 
encompass temperature conditions favorable for growth of the four species.  On a given day, 
each degree above 5
o
C represents 1 degree day (7
o
C would represent 2 degree days), and 
these were summed for all days during the year when mean water temperature exceeded 5
o
C.  
Concentrations of copepods and cladocerans (hereafter referred to as zooplankton, μg/L dry 
mass) and chlorophyll a (μg/L) were obtained from the Iowa Lakes Information System 
(Iowa DNR 2009).  We chose these environmental variables because, except for temperature, 
they have been shown to affect fish growth and they are susceptible to fluctuation with 
common carp and zebra mussel biomass.  Temperature was included because it is often 
considered the most important variable affecting fish growth (Brett 1979).  Zebra mussel 
density estimates were obtained for 2006 from the Iowa DNR and for 2007 from a concurrent 
study (Colvin et al. 2009).   
To test for relationships between environmental variables and annual growth we 
created multiple linear regression models for AG-0 and AG-m.  Our goal was to create a 
model for each species, using the following structure; 
 - -
  
where k represents each of the four species.  Because of our relatively small sample size, we 
used a common model for all four species to increase statistical power.  We created one 
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model for AG-0 and one model for AG-m and each model returned a main effect for each 
environmental variable and a species interaction with each variable (Table 1).  In order to 
find the effect of a variable on a single species, the coefficients of the interaction term for 
that species and the main effect must be summed.  We did not include zebra mussel density 
in the regression models because estimates were only available from 2006 and 2007.  Zebra 
mussels were first discovered in 2005, but believed to be sparse and thus no density estimates 
were made. 
Comparisons with Historical Data  
 We compared current fish growth estimated in this study with historical growth data 
for Clear Lake obtained from the literature (Carlander 1997a, 1997b; Larscheid 2005) for the 
four fish species.  We estimated L∞, k and to from the von Bertalanffy growth model,  





where L∞ is the theoretical maximum length a fish will reach in the population, k is a growth 
constant and to is the time at which the fish’s length is 0.  Further, we estimated ω which is 
the product of L∞ and k and corresponds to the growth rate near to and is suggested for 
statistical comparison by Gallucci and Quinn (1979).  It is often hard to interpret L∞ and k 
separately because they are negatively correlated, so using a single parameter alleviates some 
of this problem while increasing robustness to variation in the data (Gallucci and Quinn 
1979).  The original von Bertalanffy growth model can be re-parameterized using ω, and the 
equation is 
l(t) = ω/k [1 - e-k(t- to)]. 
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We used this equation to estimate ω and its standard error.  ω was compared across study 
periods for each species using a t-test.  Because data from single studies without estimates of 
error were all that were available in some cases, standard errors for von Bertalanffy 
parameters were calculated from a sample size of 1, which results in conservative estimates 
and the largest standard errors possible.  When multiple studies were available for a time 
period, all data were used in parameter estimation and sample sizes were equal to the number 
of studies used.  Sample sizes for this study were equal to the number of aging structures 
used to estimate length-at-age.  The t statistic was calculated using the following equation 
 




 Aging structures were analyzed from 61 black bullheads, 408 common carp, 222 
walleyes and 102 yellow bass. The general growth pattern for all species was decreasing 
annual growth as length increased (Figure 1).  Walleye and common carp showed an increase 
in growth in the second year compared to first year growth, whereas yellow bass and black 
bullhead grew fastest in their first year and growth decreased throughout life (Table 2; Figure 
1).  Walleye and common carp showed the most variation in annual growth at smaller 
lengths, whereas yellow bass and black bullhead showed considerable annual variation in 
growth throughout life (Figure 1).  Mean AG-0 for black bullheads ranged from 91.9 to 149.8 
mm and AG-m ranged from 30 to 43.4 mm (Table 2).  Mean AG-0 for common carp ranged 
from 87.5 to 181.5 mm and AG-m ranged from 84.1 to 143.4 mm (Table 2).  Mean AG-0 for 
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walleye ranged from 111.3 to 212.2 mm and AG-m ranged from 43.4 to 64.3 mm (Table 2).  
Mean AG-0 for yellow bass ranged from 80.8 to 99.9 mm and AG-m ranged from 24.1 to 
51.5 mm (Table 2). 
 
Growth Relationships with Environmental Variables, Carp Harvest and Zebra Mussel 
Density 
 An analysis of variance (ANOVA) of the AG-0 multiple regression model indicated 
the interaction of species and degree days was not significant (p = 0.23; Table 3).  
Subsequently, a reduced model was created without this interaction.  The model included 
main effects of each environmental variable (except degree days) and interactions with 
species and returned coefficients for main effect and individual species interaction (i.e. carp 
harvest = 0.0006; black bullhead x carp harvest = 0; common carp x carp harvest = 0.002; 
walleye x carp harvest = 0.0004; yellow bass x carp harvest = 0.000003).  In order to 
calculate coefficients for individual species, interaction terms and main effects for each 
variable had to be added together (Table 4). 
  Degree days and carp harvest were significant and positively related to AG-0 in all 
species.  Chlorophyll a was significant and positively related to AG-0 in common carp and 
yellow bass, but was not significant in black bullhead and walleye.  Zooplankton was 
significant and negatively related to AG-0 in common carp and yellow bass, significant and 
positively related in black bullhead, but was not significant in walleye. 
 We used this model to predict the maximum and minimum growth at age-0 related to 
carp harvest.  Maximum and minimum values were used for carp harvest while mean values 
were used for other environmental variables.  Predictions included maximum and minimum 
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values for AG-0 and were 115.1 mm and 146.6 mm for black bullhead, 101.3 mm and 206.4 
mm for common carp, 119.0 mm and 171.6 mm for walleye and 90.1 mm and 121.7 mm for 
yellow bass.  These values were estimated for modeling purposes in a concurrent study but 
we express caution when using this model for predicting AG-0 because of the small sample 
size used in its creation. 
ANOVA of the AG-m model revealed no significant relationships of environmental 
variables and annual growth (Table 5).  Black bullhead growth was not included in this 
model due to small sample size (3) which would limit the number of parameters the model 
could estimate. 
 Though not included in the models, the increase in zebra mussel density from 2005 to 
2007 appears to be positively correlated with the sharp increase in AG-m of yellow bass 
during the same time period while growth of other species did not appear to be correlated 
(Figure 2).  Further monitoring will be required to confirm whether the increasing trend in 
zebra mussel density and yellow bass AG-m continues. 
 
Comparisons with Historical Data 
 Historical growth data from Clear Lake consisted of mean lengths-at-age with no 
estimates of error.  Where only single studies were available, growth curves were plotted 
without an estimate of error.  For species where several years of length-at-age data were 
available (walleye, yellow bass) means for each age were calculated by decade (Table 6) and 
a single growth curve with 95% confidence intervals for each age was plotted (Figures 5, 6).    
The length-at-age-4 estimate of black bullhead from 1955 declined from age-3 and is likely 
erroneous; we omitted the length-at-age-4 estimate from further analysis. 
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Significant growth differences were observed between study periods for all species 
(Table 7).  Black bullheads showed significantly slower growth in 1955 (p = 0.05) and 1999 
(p < 0.001) compared to growth estimated in this study (Figure 3).  Common carp showed 
faster growth in 1952 compared to 1999 (p = 0.05) and this study (p < 0.001; Figure 4).  
Walleye showed significantly slower growth in the 1940’s (p < 0.001) and 1948-1974 (p < 
0.001) compared to this study, reflecting a steeper trajectory at either end of the growth curve 
from this study compared to historical curves (Figure 5).  Yellow bass showed significantly 
slower growth in the 1960’s compared to the 1940’s (p = 0.01) and this study (p = 0.01; 
Figure 6).   
Discussion 
Our results demonstrate that growth rates of fish in Clear Lake respond to changing 
environmental conditions.  Some of these conditions, such as temperature, vary naturally in 
all lakes and their influence on fish growth has been well established in many previous 
studies.  Other factors, such as chlorophyll a, can vary naturally as well as in response to the 
presence of ANS, and thus their influence on fish growth can be a consequence of ANS 
where they are present.  Still other influences on growth may be attributed to ANS 
remediation, such as removal of common carp.  These growth responses have several 
potential implications for the fish assemblage and fishery in Clear Lake and other systems 
experiencing similar changes.   
Understanding growth rates of fish and the factors influencing growth is essential to 
fisheries management.  Though studies have shown that fish growth, especially in early life 
stages, can be affected by many variables (Claramunt and Wahl 2000), we chose variables 
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that may be influenced by the presence of common carp and zebra mussels to assess how 
these two invasive species can play a role in fish growth.  The first objective of this study 
was to examine how growth of fish in varying trophic guilds is related to environmental 
factors, mechanical removal of common carp and the early stages of a zebra mussel invasion. 
Our results are consistent with several studies that have identified water temperature 
as an important factor influencing fish growth (Kelso 1972; Momot et al. 1977; Staggs and 
Otis 1996).  Because fish are poikilothermic organisms temperature is one of the most 
important factors regulating not only growth, but all biological functions (Kelso 1972).  
Growth will not increase indefinitely with temperature, however.  For example, it has been 
shown that high summer water temperature may result in reduced activity and condition of 
walleyes (Momot et al. 1977; Kocovsky and Carline 2001).  Quist and Guy (2003) found a 
positive relationship of walleye growth with air temperature, but the relationship appeared to 
be nonlinear with growth increments decreasing at air temperatures above 25
o
C.  The 
temperature threshold where growth begins to decrease is different for each species, as some 
species are more tolerant of a wide range of temperatures.  However, our model showed no 
significant interaction of species and degree days suggesting water temperature affected AG-
0 of all species similarly in Clear Lake. 
Studies have demonstrated the ability to estimate biomass and yield from chlorophyll 
a concentrations (Hanson and Leggett 1982; Jones and Hoyer 1982; Oglesby et al. 1987) and 
Downing et al. 1990 identified primary production as a key determinant of fish production, 
implying that chlorophyll a could play a role in fish growth.  Our results suggest that 
chlorophyll a concentration positively affects AG-0 of common carp and yellow bass.  
Chlorophyll a concentrations are typically positively correlated with, and thus are indicative 
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of the trophic base of the whole system (McCauley and Kalff 1981).  Abundant production of 
phytoplankton can, however, also result in decreased water quality as clarity decreases and 
submerged aquatic macrophytes are “shaded out” (Jupp and Spence 1977).  A positive 
relationship of chlorophyll a and growth of common carp and yellow bass is not surprising as 
common carp and yellow bass are not native to Clear Lake and are species that tend to thrive 
in degraded systems in Iowa (Mayhew 1975).  Carp are also responsible for much of the re-
suspension and excretion of nutrients that lead to large phytoplankton biomasses (Lamarra 
1975; Chumchal et al. 2005), so they would be expected to thrive in the poor water quality 
conditions to which they contribute.  An interesting interaction may exist between zebra 
mussels and common carp in Clear Lake.  With carp re-suspending nutrients from the 
sediments and zebra mussels redirecting nutrients from the water column to the benthos, the 
nutrients required for algal production likely will fluctuate with densities of common carp 
and zebra mussels as they continue to increase.  This interaction potentially regulating 
chlorophyll a may in turn influence growth of common carp and yellow bass in their first 
year of life. 
Zooplankton are food for nearly all fish species, especially in early stages of life 
(Keast 1985), so it would be expected that zooplankton concentration would be positively 
correlated with AG-0 for all species.  However, although zooplankton concentration was 
positively related to black bullhead AG-0, our results indicate a negative relationship of 
zooplankton and AG-0 of common carp and yellow bass.  Contrary to our findings, several 
studies have demonstrated that prey availability is important to growth in the early life stages 
of fish (Welker et al. 1994; DeVries et al. 1998; Bremigan et al. 2003).  It is believed that 
many of Clear Lake’s common carp are produced in the marsh connected at the west end of 
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the lake and enter Clear Lake later in life (Iowa Department of Natural Resources 2008).  
This could explain why zooplankton concentrations within Clear Lake were not positively 
related to growth of age-0 carp, but it doesn’t explain the significant negative relationship.  
The negative relationship of zooplankton concentration with age-0 yellow bass growth is 
equally difficult to explain, as yellow bass have been shown to feed on zooplankton 
throughout life (Van Den Avyle et al. 1983).  The samples used to characterize zooplankton 
concentrations are collected at offshore stations, and may correspond to the zooplankton 
utilized by various fish species differently.  Zooplankton undertake diel horizontal and 
vertical migrations (O’Brien 1979; Burks et al. 2002) and perhaps this results in variable 
matching of zooplankton patches with fish distributions among species.   
Our results suggest that abundance of adult common carp influences growth of 
juvenile fish.  All four species we examined showed significant positive relationships of first 
year growth with carp harvest in the previous year.  Carp harvest occurs in the fall of each 
year, so growth effects would not be seen until the following growing season.  The removal 
of a large biomass of carp likely opens up resources to be used by other fish in the following 
year.  Several studies have shown that juvenile fish growth can be density dependent, most 
likely due to competition for food and other resources (Jenkins et al. 1999; Post et al. 1999; 
Lorenzen and Enberg 2002).  Furthermore, Downing et al. 1990 found fish biomass to be 
correlated to fish production so it is not surprising that when a large biomass of common carp 
is removed, other species benefit with increased growth. 
In their first year, fish exhibit fast growth in order to outgrow predation (Kolar et al. 
2003), so it would be expected that we see the most pronounced influence on growth by 
environmental factors early in the life cycle of these fish.  We saw no significant 
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relationships between environmental variables and AG-m for any species in Clear Lake.  
Mature fish experience less variation in annual growth than age-0 fish because as fish age 
growth slows, and we believe this may at least partially explain why no correlations were 
observed.  Undoubtedly, there are factors influencing growth of mature fish in Clear Lake 
and other systems, including some of the variables we included in our model such as water 
temperature, however, they were not detected in our study. 
We did not include zebra mussel density in our models but we did observe a trend 
between yellow bass annual growth at length-at-maturity and zebra mussel density.  
Continued monitoring of yellow bass growth and zebra mussel abundance would be required 
to confirm this relationship.  Several studies have shown that zebra mussels have the ability 
to alter food webs and ultimately fish growth.  In a study done on larval bluegill (Lepomis 
macrochirus) and zebra mussel food web interactions (Raikow 2004), it was shown that 
zebra mussels consume enough microzooplankton to negatively affect the early growth 
stages of larval bluegills by as much as 24 percent.  In Lake Huron, Schaeffer et al. (2001) 
found that the introduction of zebra mussels resulted in a decrease in recruitment of yellow 
perch (Perca flavascens) and a dramatic increase in the size of adults.   Finally, Strayer et al. 
(2004) showed that in the Hudson River, open-water species declined in size and number 
following a zebra mussel invasion, while fish living near shore in the littoral zone showed an 
increase.  Furthermore, Stewart et al. (1998) showed that increased benthic habitat provided 
by zebra mussel shells produced increases in benthic macroinvertebrate biomass and density 
of several taxa including Hydridae, Turbellaria, Gastropoda, Amphipoda and Chironomidae.  
Many of these taxa, especially Amphipoda and Chironomidae, commonly make up a large 
proportion of the diet of adult yellow bass (Driscoll and Miranda 1999) and therefore 
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increased zebra mussel density could positively affect adult yellow bass growth through 
increased food availability. 
The second objective of this study was to compare historical growth of fish in Clear 
Lake with contemporary growth presented in this study.  In 1945, Clear Lake supported 40 
rooted aquatic plant species and 43 fish species (Bailey and Harrison 1945).  Today, Clear 
Lake supports less than 10 aquatic plant species, only 23 fish species and water quality is 
poor compared to 50 years ago (Colvin et al. 2009).  Current management actions at Clear 
Lake are aimed at improving water quality and fishing opportunities (Downing et al. 2001), 
with the goal of returning conditions to those present in 1945.  By comparing past and 
present growth of fish in Clear Lake we attempted to gain insight on how current 
management actions may affect growth of fish in the future. 
Black bullheads grew similarly in 1955 and 1999, which was slower than in this 
study.  Black bullheads in the 1950’s were described as being very abundant (Forney 1955).  
Biomass of black bullheads averaged 10 kilograms per hectare during our study (Colvin et al. 
2009).  In contrast, the 1999 black bullhead biomass was estimated to be 336 kilograms per 
hectare (Larsheid 2005).  This large biomass is likely similar to the biomass in 1955, 
potentially explaining the similarities in growth in those two time periods, and why growth 
was slower than the present study.   
Common carp growth has slowed considerably since 1952, when growth was fast and 
only fish up to age-6 were collected.  Carp were being managed by seining and removal as 
early as 1929, but carp were not perceived as a serious threat to game species due to their 
relatively low biomass in the early 1900’s (Bailey and Harrison 1945).  In comparison to 
length-at-age standards for common carp in North America (Jackson et al. 2008), carp in the 
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1952 study ranked in the 75
th
 percentile at age 1 and the 95
th
 percentile for ages 2-7.  Fish 




 percentile for ages 1 and 2, 
respectively, and the 75
th
 percentile for ages 3-9.  Carp were likely much less abundant in 
1952 compared to the 1990’s and today, and intraspecific competition is likely resulting in 
slower growth.   
Statistically, walleyes are currently growing faster than they were in the 1940’s and 
from 1948-1974, although the similarity of the growth curves from all three time periods 
suggests the difference is subtle.  Natural reproduction of walleyes in Clear Lake is believed 
to be poor, and therefore walleye have been stocked nearly every year since 1915 (Bailey and 
Harrison 1945; Bulkley et al. 1976).  In recent years Clear Lake has been stocked with large 
fingerlings (150-200 mm) as well as fry.  Fish stocked at a larger size typically have higher 
survival and subsequent recruitment because they are less susceptible to predation and other 
stresses (Santucci and Wahl 1993).  Santucci and Wahl (1993) found that large fingerlings 
experience high survival in comparison to small fingerlings and fry.  In Clear Lake, walleye 
fry are stocked in the early spring and fingerlings are stocked in September and October.  
These fingerlings attain a much larger size (approximately 175-200 mm) at the end of the 
first growing season than fry (approximately 100 mm).  Fingerling stocking is relatively new 
(last 5-10 years) at Clear Lake.  Several studies have examined growth of walleyes stocked at 
various sizes.  Pratt and Fox (2003) found that when two sizes of fingerlings were stocked, 
the two size groups converged four years later.  Other studies have shown that the size 
difference persisted throughout life or the small fingerlings grew larger (Olson et al. 2000; 
Brooks et al. 2002).  Comparing the three time periods, it appears that walleyes are currently 
attaining sizes similar to fish from the 1940’s and from 1948-1974 (Figure 11) despite the 
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stocking of larger fingerlings.  Our results appear to be consistent with the findings of Pratt 
and Fox (2003) with the two size groups converging sometime after the first year, but there is 
some evidence indicated by ω that walleyes are currently growing faster than in the past. 
 Yellow bass growth has slowed since the 1940’s in Clear Lake.  Yellow bass are 
native to the Mississippi River and its drainage (Mayhew 1987), but were likely introduced 
to Clear Lake in the 1920’s and first showed up in anglers’ catches in 1932 (Bailey and 
Harrison 1945).  As is the case with many introduced species, yellow bass apparently 
experienced their most rapid growth shortly after their introduction.  Ridenhour (1960) found 
evidence of intraspecific competition among yellow bass in Clear Lake, showing that in years 
when abundance was greater, growth tended to be slower than in years when abundance was 
low.  Today, yellow bass are the most abundant fish in Clear Lake (Colvin et al. 2009) and 
intraspecific competition likely contributes to differences in growth since the 1940’s. 
Management Implications 
Our results suggest that the removal of common carp is positively related to age-0 
growth in the following year of four of the most common and important fish species in Clear 
Lake.  Managing common carp biomass will not only improve growth of important game 
species, but it will also improve water quality and aquatic macrophyte growth, which will 
benefit the ecosystem as a whole.  With a suite of management actions aimed at reducing 
phosphorous inputs and improving water quality, it would be expected that algal biomass 
(chlorophyll a) and subsequently zooplankton biomass would decrease.  This could have a 
negative influence on growth in the early life stages of fish.  However, these management 
actions should lead to increased water clarity and aquatic macrophyte growth, which could 
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improve fish and macroinvertebrate habitat and open up other habitat and food resources for 
fish.  Although we observed a doubling in the annual growth of adult yellow bass during the 
first three known years of zebra mussel residence in Clear Lake, it remains uncertain how 
zebra mussels will affect the larger fish community of Clear Lake.  Further research is 
required to determine what effects zebra mussels will have on growth of fish at various 
stages of their life.  The biggest question concerning zebra mussels is how large their 
biomass will become, which in turn will determine how large an impact they will have.  We 
know that Clear Lake was a much different system historically than it is today.  Our length-
at-age data suggest that the four fish species did not experience similar growth changes over 
time.  Unfortunately, we lack the data to determine with certainty why the four species 
showed different growth responses to changing conditions.  However, our results and those 
of other studies collectively suggest that ANS have had significant effects on growth of fish 
and will continue to do so in the future.  Our results also support other studies in 
demonstrating that management of ANS, such as mechanical reduction of common carp 
abundance through netting, can have a positive impact on valuable aquatic resources like 
Clear Lake. 
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Table 1.  Environmental variables measured from Clear Lake, Iowa.  Dashes indicate no data 
were available.  Zebra mussel densities are estimated only on hard substrates. 
 Degree Days Carp Harvest Chlorophyll a Zooplankton  
Zebra Mussel 
Density  
Year  (kg) (µg/L) (µg/L) (no./m
2
) 
1994 2655 0 - - 0 
1995 2584 0 - - 0 
1996 2372 0 - - 0 
1997 2486 0 - - 0 
1998 2892 0 - - 0 
1999 2602 0 - - 0 
2000 2729 25115 22.4 66.0 0 
2001 2688 7688 53.1 119.2 0 
2002 2569 6285 82.0 36.5 0 
2003 2518 19051 81.5 274.6 0 
2004 2465 58854 20.7 99.2 0 
2005 2836 51584 30.2 223.2 1 
2006 2584 27540 70.7 123.0 10 
2007 2878 25628 30.8 23.4 1144 
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Table 2.  Estimates of annual growth at age-0 (AG-0) and length at maturity (AG-m) for 
black bullhead, common carp, walleye and yellow bass in Clear Lake, Iowa.  Estimates of 
AG-0 are mean back-calculated lengths at age-1 and estimates for AG-m were obtained from 
LOWESS regressions.  Units for AG-0 and AG-m are millimeters. 
  Black Bullhead  Common Carp  Walleye 
  AG-0  AG-m  AG-0  AG-m  AG-0  AG-m 
Year Mean S.E.  Mean S.E.  Mean S.E.  Mean S.E.  Mean S.E.  Mean S.E. 
1994 - -  - -  87.5 14.8  106.2 27.3  - -  - - 
1995 - -  - -  106.1 5.4  94.9 30.6  - -  - - 
1996 - -  - -  102.3 11.1  90.4 19.3  - -  - - 
1997 - -  - -  101.3 11.0  84.1 11.9  212.2 31.4  - - 
1998 - -  - -  96.9 9.9  98.3 8.0  - -  - - 
1999 - -  - -  101.5 5.0  123.6 6.5  - -  52.7 52.7 
2000 - -  - -  119.8 7.8  117.8 5.0  - -  58.4 9.5 
2001 104.3 5.7  - -  100.1 3.9  116.2 2.6  - -  49.8 17.2 
2002 91.9 7.5  - -  124.3 8.3  119.4 2.2  111.3 17.0  64.3 15.6 
2003 110.2 3.5  - -  130.9 15.9  127.6 2.3  133.4 15.8  44.8 13.6 
2004 131.5 5.9  - -  - -  116.5 2.9  148.3 15.3  51.0 10.8 
2005 149.8 9.0  30.0 7.9  181.5 23.2  - -  155.1 4.9  59.0 5.2 
2006 - -  43.4 3.0  - -  143.4 3.2  133.0 5.5  62.6 4.2 




Table 2.  Continued. 
  Yellow Bass 
  AG-0  AG-m 
Year Mean S.E.  Mean S.E. 
1994 - -  - - 
1995 - -  - - 
1996 - -  - - 
1997 - -  - - 
1998 - -  - - 
1999 - -  - - 
2000 80.8 5.6  - - 
2001 82.8 0.5  - - 
2002 - -  31.2 2.2 
2003 87.5 -  34.6 2.1 
2004 91.6 2.4  24.1 2.8 
2005 95.9 1.3  34.4 3.3 
2006 99.9 1.1  40.4 2.2 
2007 - -  51.5 1.6 
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Table 3.  Analysis of variance table for the multiple linear regression model of annual growth 
at age-0 (AG-0) for black bullhead, common carp, walleye and yellow bass in Clear Lake, 
Iowa.  
Source df MS F p 
Species 4 8.1 3.3 0.20 
Degree Days 1 135.2 55.7 0.02 
Carp Harvest 1 198.1 81.7 0.01 
Chlorophyll a 1 1.2 0.5 0.55 
Zooplankton 1 49.4 20.3 0.05 
Species x Degree Days 3 8.6 3.5 0.23 
Species x Carp Harvest 3 195.5 80.6 0.01 
Species x Chlorophyll a 3 87.7 36.1 0.03 
Species x Zooplankton 3 77.3 31.9 0.03 




Table 4.  Regression coefficients, corresponding standard errors (S.E.) and significance p-
values (p) for the four covariates included in the multiple regression model of annual growth 
at age-0 (AG-0) for black bullhead common carp, walleye and yellow bass in Clear Lake, 
Iowa.  The model included species interactions with all covariates except degree days which  
showed no significant species interaction so the effect of degree days is the same for all four 
species.  Degree days are measured in 
o
C, carp harvest is measured in kg, chlorophyll a  
concentration is measured in µg/L and zooplankton is measured in µg/L dry mass. 
Species Variable Coefficient S.E. p 
Black Bullhead Intercept 5.8 19.3 0.77 
 Degree Days 0.04 0.006 0.002 
 Carp Harvest 0.0006 0.0001 0.003 
 Chlorophyll a -0.14 0.10 0.23 
 Zooplankton 0.05 0.02 0.01 
     
Common Carp Intercept -49.3 17.3 0.04 
 Degree Days 0.04 0.006 0.002 
 Carp Harvest 0.002 0.0001 <0.001 
 Chlorophyll a 0.87 0.08 <0.001 
 Zooplankton -0.09 0.02 0.005 
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Table 4.  Continued. 
Species Variable Coefficient S.E. p 
Walleye Intercept -9.0 22.7 0.71 
 Degree Days 0.04 0.006 0.002 
 Carp Harvest 0.001 0.0002 0.001 
 Chlorophyll a 0.29 0.12 0.06 
 Zooplankton 0.01 0.02 0.58 
     
Yellow Bass Intercept -37.9 17.9 0.09 
 Degree Days 0.04 0.006 0.002 
 Carp Harvest 0.0006 0.0001 < 0.001 
 Chlorophyll a 0.54 0.08 0.001 
 Zooplankton -0.07 0.02 0.02 
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Table 5. Analysis of variance table for the multiple linear regression model of annual growth 
at length of maturity (AG-m) for black bullhead, common carp, walleye and yellow bass in 
Clear Lake, Iowa.  
Source df MS F p 
Species 3 76.1 0.78 0.56 
Degree Days 1 318.6 3.25 0.13 
Carp Harvest 1 406.3 4.15 0.10 
Chlorophyll a 1 495.3 5.06 0.07 
Zooplankton 1 0.3 0.003 0.96 
Species x Degree Days 2 134.5 1.37 0.33 
Species x Carp Harvest 2 151.4 1.55 0.30 
Species x Chlorophyll a 2 134.4 1.37 0.33 
Species x Zooplankton 2 18.8 0.19 0.83 
Error 5 98.0 
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Table 6.  Mean back-calculated length-at-age for black bullhead, common carp, walleye and 
yellow bass from studies conducted in Clear Lake, Iowa.  When data from several studies (n) 
was available a mean was calculated for the specified time period. 
   Age 
Species  n 1 2 3 4 5 6 
Black Bullhead 1955 1 97.0 163.0 213.0 201.0 246.0 292.0 
1999 1 76.2 134.6 177.8 213.4 - - 
This Study 1 116.5 176.9 231.3 261.6 271.6 291.1 
         
Common Carp 1952 1 218.0 472.0 610.0 696.0 754.0 798.0 
1999 1 137.2 337.8 459.7 535.9 586.7 624.8 
This Study 1 108.2 322.8 442.1 510.2 575.7 613.8 
         
Walleye 
 
1940's 21 180.2 292.2 381.5 448.7 498.8 537.2 
1948-1974 1 178.0 272.0 352.0 417.0 462.0 503.0 
This Study 1 140.4 284.5 382.1 439.2 478.6 516.8 
         
Yellow Bass 1940's 9 85.8 153.3 204.3 229.7 242.8 247.7 
 1960's 9 77.2 130.5 167.4 195.3 203.0 223.5 
 This Study 1 95.4 155.4 170.2 188.9 200.8 217.1 
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Table 6. Continued. 
 Age 
Species 7 8 9 10 11 12 13 
Black Bullhead 302.0 310.0 - - - - - 
 - - - - - - - 
 - - - - - - - 
        
Common Carp - - - - - - - 
 650.2 647.7 683.3 718.8 751.8 784.9 - 
 650.4 675.9 693.8 713.0 741.6 757.3 745.0 
        
Walleye 574.7 611.2 646.7 671.4 689.6 706.1 - 
 537.0 572.0 590.0 623.0 625.0 644.0 640.0 
 579.0 594.7 624.8 650.5 685.8 - - 
        
Yellow Bass - - - - - - - 
 - - - - - - - 
 - - - - - - - 
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Table 7.  Growth parameter estimates for black bullhead, common carp, walleye and yellow 
bass collected from Clear Lake, Iowa.  N is the sample size of fish collected in this study and 
n is the number of studies used to calculate each parameter and N.  L∞, K and to are 
parameters from the von Bertalanffy Growth Model.  ω is the product of L∞ and K and is 
suggested for statistical comparisons rather than L∞  K themselves by Gallucci and Quinn 
(1979).  Significant difference in ω values are indicated by different superscripts; values with 
the same superscripts indicate no significant difference. 
        L∞  K  to 
Species   N n Estimate S.E.  Estimate S.E.  Estimate S.E. 
Black Bullhead 1955 
 




1 331.2 16.47  0.26 0.02  -0.12 0.05 
 
This Study 61 1 313.3 11.00  0.43 0.04  -0.02 0.05 




  Common Carp 1952 
 




1 758.2 21.97  0.31 0.04  0.25 0.19 
 
This Study 408 1 728.4 3.21  0.36 0.01  0.48 0.02 




  Walleye 1940's 
 




1 694.4 7.40  0.20 0.01  -0.46 0.08 
 
This Study 222 1 688.7 16.14  0.26 0.01  0.05 0.02 




  Yellow Bass 1940's 
 




9 245.3 10.95  0.38 0.06  0.01 0.14 
 





Table 7.  Continued. 
 
    ω 
Species   Estimate S.E. 











































Figure 1.  Size-specific growth curves for walleye, yellow bass, common carp and black 
bullhead in Clear Lake, Iowa.  Curves were fit to individual estimates of annual growth and 
length at the beginning of the growing season by year using LOWESS regression.  Arrows 
indicate length-at-maturity and the point where AG-m was estimated from each curve.





















































































Figure 2.  Annual growth of  black bullhead, common carp, walleye and yellow bass at 
length-at-maturity (left y-axis) in relation to zebra mussel density on rock, mud, sand and 
vegetated substtates (right y-axis) in Clear Lake, Iowa.  Annual growth estimates were made 
using LOWESS regressions of individual growth estimates and length at the beginning of the 
growing season and error bars represent standard errors of estimates from those regressions 
at length-at-maturity.  Asterisks indicates when zebra mussels were first detected in Clear 
Lake.  Although present in 2005, densities were too low to measure. 























































































































































































Figure 3.  Historical back-calculated length-at-age data for black bullhead compared to data 
collected in this study in Clear Lake, Iowa.   Error bars for this study represent 95% 
confidence intervals around means calculated from growth data collected in this study.   
  











































Figure 4.  Historical back-calculated length-at-age data for common carp compared to data 
collected in this study in Clear Lake, Iowa.  Error bars for this study represent 95% 















































Figure 5.  Historical back-calculated length-at-age data for walleye compared to data 
collected in this study in Clear Lake, Iowa.  Error bars for historical data represent 95% 
confidence intervals around means of mean back-calculated lengths-at-age from several years 
of data during the period specified.  Error bars for this study represent 95% confidence 














































Figure 6.  Historical back-calculated length-at-age data for yellow bass compared to data 
collected in this study in Clear Lake, Iowa.  Error bars for historical data represent 95% 
confidence intervals around means of mean back-calculated lengths-at-age from several years 
of data during the period specified.  Error bars for this study represent 95% confidence 
intervals around means calculated from growth data collected in this study.   
  











































Appendix 1.  Size-specific growth curves for black bullhead in Clear Lake, Iowa.  Curves 
were fit to individual estimates of annual growth and length at the beginning of the growing 
season by year using LOWESS regression.  Individual annual growth was estimated by back-
calculating growth increments on pectoral spine cross sections.  Arrows represent the two 
points within a fish’s life where growth estimates were made (AG-0 and AG-m). 





























































Appendix 2.  Size-specific growth curves for common carp in Clear Lake, Iowa.  Curves 
were fit to individual estimates of annual growth and length at the beginning of the growing 
season by year using LOWESS regression.  Individual annual growth was estimated by back-
calculating growth increments on dorsal spine cross sections.  Arrows represent the two 
points within a fish’s life where growth estimates were made (AG-0 and AG-m). 































































































































































Appendix 3.  Size-specific growth curves for walleye in Clear Lake, Iowa.  Curves were fit to 
individual estimates of annual growth and length at the beginning of the growing season by 
year using LOWESS regression.  Individual annual growth was estimated by back-
calculating growth increments on dorsal spine cross sections.  Arrows represent the two 
points within a fish’s life where growth estimates were made (AG-0 and AG-m). 
  



























































































Appendix 4.   Size-specific growth curves for yellow bass in Clear Lake, Iowa.  Curves were 
fit to individual estimates of annual growth and length at the beginning of the growing season 
by year using LOWESS regression.  Individual annual growth was estimated by back-
calculating growth increments on otolith cross sections.  Arrows represent the two points 
within a fish’s life where growth estimates were made (AG-0 and AG-m). 
  


























































































Appendix 5.  Fish collection data for fish collected in Clear Lake, Iowa.  Dashes (-) in the 
“Weight” column indicate weight was not recorded. 
Species Date of Capture Length (mm) Weight (g) Age (years) 
Black Bullhead Sep-07 95 11 0 
Black Bullhead Sep-07 105 16 0 
Black Bullhead Sep-07 109 16 0 
Black Bullhead Sep-07 111 16 0 
Black Bullhead Sep-07 111 17 0 
Black Bullhead Sep-07 111 18 0 
Black Bullhead Sep-07 113 19 0 
Black Bullhead Sep-07 114 15 0 
Black Bullhead Sep-07 114 21 0 
Black Bullhead Sep-07 114 20 0 
Black Bullhead Sep-07 116 20 0 
Black Bullhead Sep-07 117 21 0 
Black Bullhead Sep-07 118 21 0 
Black Bullhead Sep-07 121 23 0 
Black Bullhead Sep-07 121 24 0 
Black Bullhead Sep-07 121 25 0 
Black Bullhead Sep-07 124 26 0 
Black Bullhead Sep-07 303 300 2 
Black Bullhead Sep-07 323 447 2 
Black Bullhead Sep-07 288 - 3 
Black Bullhead Sep-07 290 - 3 
Black Bullhead Sep-07 290 - 3 
Black Bullhead Sep-07 293 - 3 
Black Bullhead Sep-07 295 395 3 
Black Bullhead Sep-07 296 - 3 
Black Bullhead Sep-07 304 255 3 
Black Bullhead Sep-07 305 440 3 
Black Bullhead Sep-07 305 - 3 
Black Bullhead Sep-07 314 - 3 
Black Bullhead Sep-07 318 499 3 
Black Bullhead Sep-07 323 564 3 
Black Bullhead Sep-07 412 460 3 
Black Bullhead Sep-07 270 - 4 




Appendix 5.  Continued.     
Species Date of Capture Length (mm) Weight (g) Age (years) 
Black Bullhead Sep-07 287 - 4 
Black Bullhead Sep-07 295 - 4 
Black Bullhead Sep-07 297 - 4 
Black Bullhead Sep-07 297 - 4 
Black Bullhead Sep-07 297 382 4 
Black Bullhead Sep-07 300 384 4 
Black Bullhead Sep-07 300 400 4 
Black Bullhead Sep-07 302 - 4 
Black Bullhead Sep-07 304 - 4 
Black Bullhead Sep-07 305 438 4 
Black Bullhead Sep-07 305 435 4 
Black Bullhead Sep-07 307 456 4 
Black Bullhead Sep-07 310 403 4 
Black Bullhead Sep-07 318 501 4 
Black Bullhead Sep-07 320 470 4 
Black Bullhead Sep-07 320 469 4 
Black Bullhead Sep-07 330 508 4 
Black Bullhead Sep-07 338 640 4 
Black Bullhead Sep-07 406 410 4 
Black Bullhead Sep-07 410 - 4 
Black Bullhead Sep-07 300 423 5 
Black Bullhead Sep-07 302 350 5 
Black Bullhead Sep-07 312 512 5 
Black Bullhead Sep-07 315 - 5 
Black Bullhead Sep-07 315 - 5 
Black Bullhead Sep-07 328 586 6 
Black Bullhead Sep-07 330 450 6 
Black Bullhead Sep-08 306 350 3 
Black Bullhead Sep-08 285 290 4 
Black Bullhead Sep-08 295 330 4 
Black Bullhead Sep-08 298 330 4 
Black Bullhead Sep-08 310 390 4 
Black Bullhead Sep-08 310 390 4 
Black Bullhead Sep-08 311 310 4 
Black Bullhead Sep-08 313 - 4 
Black Bullhead Sep-08 327 - 4 
Black Bullhead Sep-08 290 290 5 
Black Bullhead Sep-08 306 410 5 
Black Bullhead Sep-08 311 430 5 
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Appendix 5.  Continued.     
Species Date of Capture Length (mm) Weight (g) Age (years) 
Black Bullhead Sep-08 315 280 5 
Black Bullhead Sep-08 348 240 5 
Black Bullhead Sep-08 290 275 6 
Black Bullhead Sep-08 315 380 6 
Common Carp Sep-07 714 4900 5 
Common Carp Sep-07 559 - 6 
Common Carp Sep-07 624 - 6 
Common Carp Sep-07 690 5200 6 
Common Carp Sep-07 695 - 6 
Common Carp Sep-07 767 6800 6 
Common Carp Sep-07 725 - 7 
Common Carp Sep-07 750 - 7 
Common Carp Sep-07 770 - 7 
Common Carp Sep-07 814 9600 7 
Common Carp Sep-07 660 - 8 
Common Carp Sep-07 680 - 8 
Common Carp Sep-07 686 4400 8 
Common Carp Sep-07 705 - 8 
Common Carp Sep-07 710 - 8 
Common Carp Sep-07 710 - 8 
Common Carp Sep-07 719 5700 8 
Common Carp Sep-07 722 5600 8 
Common Carp Sep-07 725 - 8 
Common Carp Sep-07 730 - 8 
Common Carp Sep-07 740 6800 8 
Common Carp Sep-07 747 - 8 
Common Carp Sep-07 754 6000 8 
Common Carp Sep-07 772 - 8 
Common Carp Sep-07 775 6500 8 
Common Carp Sep-07 779 8500 8 
Common Carp Sep-07 700 4500 9 
Common Carp Sep-07 759 6200 9 
Common Carp Sep-07 750 7800 10 
Common Carp Sep-07 769 6500 10 
Common Carp Sep-07 776 7600 10 
Common Carp Sep-07 895 - 10 
Common Carp Sep-07 742 7000 11 
Common Carp Sep-07 796 8600 11 
Common Carp Sep-07 830 - 11 
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Appendix 5.  Continued.     
Species Date of Capture Length (mm) Weight (g) Age (years) 
Common Carp Sep-07 909 - 11 
Common Carp Sep-07 831 8400 12 
Common Carp Sep-07 845 - 12 
Common Carp Sep-07 714 - 14 
Common Carp Sep-07 760 - 14 
Common Carp Nov-07 576 2700 2 
Common Carp Nov-07 602 3400 2 
Common Carp Nov-07 604 3100 2 
Common Carp Nov-07 624 3200 2 
Common Carp Nov-07 623 3200 5 
Common Carp Nov-07 641 4000 5 
Common Carp Nov-07 645 3700 5 
Common Carp Nov-07 646 4000 5 
Common Carp Nov-07 662 4900 5 
Common Carp Nov-07 684 4900 5 
Common Carp Nov-07 704 5200 5 
Common Carp Nov-07 564 2500 6 
Common Carp Nov-07 585 2800 6 
Common Carp Nov-07 612 3700 6 
Common Carp Nov-07 616 3600 6 
Common Carp Nov-07 624 3300 6 
Common Carp Nov-07 631 3800 6 
Common Carp Nov-07 632 3500 6 
Common Carp Nov-07 636 3300 6 
Common Carp Nov-07 638 3600 6 
Common Carp Nov-07 639 3700 6 
Common Carp Nov-07 642 4100 6 
Common Carp Nov-07 647 3800 6 
Common Carp Nov-07 647 3900 6 
Common Carp Nov-07 648 3600 6 
Common Carp Nov-07 651 3600 6 
Common Carp Nov-07 651 3700 6 
Common Carp Nov-07 651 3900 6 
Common Carp Nov-07 651 4300 6 
Common Carp Nov-07 651 3700 6 
Common Carp Nov-07 656 3900 6 
Common Carp Nov-07 656 4500 6 
Common Carp Nov-07 656 4600 6 
Common Carp Nov-07 656 3700 6 
72 
 
Appendix 5.  Continued.     
Species Date of Capture Length (mm) Weight (g) Age (years) 
Common Carp Nov-07 660 3700 6 
Common Carp Nov-07 661 4400 6 
Common Carp Nov-07 662 3300 6 
Common Carp Nov-07 667 4400 6 
Common Carp Nov-07 670 5100 6 
Common Carp Nov-07 672 4500 6 
Common Carp Nov-07 678 4000 6 
Common Carp Nov-07 679 4600 6 
Common Carp Nov-07 686 5000 6 
Common Carp Nov-07 688 5300 6 
Common Carp Nov-07 690 4800 6 
Common Carp Nov-07 691 5000 6 
Common Carp Nov-07 691 5100 6 
Common Carp Nov-07 697 5600 6 
Common Carp Nov-07 701 4900 6 
Common Carp Nov-07 703 5200 6 
Common Carp Nov-07 703 5200 6 
Common Carp Nov-07 703 5200 6 
Common Carp Nov-07 705 5500 6 
Common Carp Nov-07 709 5900 6 
Common Carp Nov-07 712 5200 6 
Common Carp Nov-07 712 5800 6 
Common Carp Nov-07 712 5400 6 
Common Carp Nov-07 715 5900 6 
Common Carp Nov-07 736 7000 6 
Common Carp Nov-07 752 5500 6 
Common Carp Nov-07 781 7900 6 
Common Carp Nov-07 786 8100 6 
Common Carp Nov-07 616 3300 7 
Common Carp Nov-07 644 4100 7 
Common Carp Nov-07 654 4000 7 
Common Carp Nov-07 662 3800 7 
Common Carp Nov-07 666 4300 7 
Common Carp Nov-07 681 3700 7 
Common Carp Nov-07 685 3900 7 
Common Carp Nov-07 706 5000 7 
Common Carp Nov-07 706 4600 7 
Common Carp Nov-07 707 5600 7 
Common Carp Nov-07 713 5600 7 
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Appendix 5.  Continued.     
Species Date of Capture Length (mm) Weight (g) Age (years) 
Common Carp Nov-07 722 5700 7 
Common Carp Nov-07 727 5900 7 
Common Carp Nov-07 729 5900 7 
Common Carp Nov-07 737 6300 7 
Common Carp Nov-07 747 7700 7 
Common Carp Nov-07 751 6700 7 
Common Carp Nov-07 756 7000 7 
Common Carp Nov-07 766 7700 7 
Common Carp Nov-07 766 6900 7 
Common Carp Nov-07 774 6300 7 
Common Carp Nov-07 790 7700 7 
Common Carp Nov-07 792 7900 7 
Common Carp Nov-07 845 - 7 
Common Carp Nov-07 866 10000 7 
Common Carp Nov-07 621 3100 8 
Common Carp Nov-07 686 4500 8 
Common Carp Nov-07 692 4700 8 
Common Carp Nov-07 707 4600 8 
Common Carp Nov-07 711 6000 8 
Common Carp Nov-07 715 5500 8 
Common Carp Nov-07 715 5300 8 
Common Carp Nov-07 716 5300 8 
Common Carp Nov-07 722 6100 8 
Common Carp Nov-07 723 5800 8 
Common Carp Nov-07 724 6500 8 
Common Carp Nov-07 725 5400 8 
Common Carp Nov-07 726 5700 8 
Common Carp Nov-07 730 5800 8 
Common Carp Nov-07 734 5400 8 
Common Carp Nov-07 736 6100 8 
Common Carp Nov-07 744 6600 8 
Common Carp Nov-07 747 7000 8 
Common Carp Nov-07 748 6200 8 
Common Carp Nov-07 752 6100 8 
Common Carp Nov-07 759 5900 8 
Common Carp Nov-07 766 6800 8 
Common Carp Nov-07 771 6700 8 
Common Carp Nov-07 772 6700 8 
Common Carp Nov-07 783 7000 8 
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Appendix 5.  Continued.     
Species Date of Capture Length (mm) Weight (g) Age (years) 
Common Carp Nov-07 787 8000 8 
Common Carp Nov-07 795 9600 8 
Common Carp Nov-07 796 6800 8 
Common Carp Nov-07 814 8100 8 
Common Carp Nov-07 816 - 8 
Common Carp Nov-07 687 4200 9 
Common Carp Nov-07 692 4600 9 
Common Carp Nov-07 722 5500 9 
Common Carp Nov-07 762 7200 9 
Common Carp Nov-07 777 7800 9 
Common Carp Nov-07 812 - 9 
Common Carp Nov-07 679 3900 10 
Common Carp Nov-07 697 6000 10 
Common Carp Nov-07 710 5100 10 
Common Carp Nov-07 721 6000 10 
Common Carp Nov-07 750 6700 10 
Common Carp Nov-07 797 7900 10 
Common Carp Nov-07 714 4900 11 
Common Carp Nov-07 875 - 11 
Common Carp Nov-07 804 - 12 
Common Carp Nov-07 821 9400 12 
Common Carp Nov-07 846 - 12 
Common Carp Nov-07 851 9500 12 
Common Carp Nov-07 852 - 12 
Common Carp Nov-07 897 - 12 
Common Carp Nov-07 738 6800 13 
Common Carp Nov-07 779 8400 13 
Common Carp Nov-07 780 7700 13 
Common Carp May-08 687 4750 5 
Common Carp May-08 696 5100 5 
Common Carp May-08 728 5600 5 
Common Carp May-08 594 2750 6 
Common Carp May-08 595 2600 6 
Common Carp May-08 630 3200 6 
Common Carp May-08 630 3750 6 
Common Carp May-08 640 5400 6 
Common Carp May-08 642 3600 6 
Common Carp May-08 645 4600 6 
Common Carp May-08 653 4500 6 
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Appendix 5.  Continued.     
Species Date of Capture Length (mm) Weight (g) Age (years) 
Common Carp May-08 658 4400 6 
Common Carp May-08 672 3800 6 
Common Carp May-08 673 4500 6 
Common Carp May-08 676 5000 6 
Common Carp May-08 677 4400 6 
Common Carp May-08 686 5300 6 
Common Carp May-08 687 4000 6 
Common Carp May-08 700 5300 6 
Common Carp May-08 705 5200 6 
Common Carp May-08 708 5100 6 
Common Carp May-08 708 5000 6 
Common Carp May-08 710 5500 6 
Common Carp May-08 716 5800 6 
Common Carp May-08 725 6000 6 
Common Carp May-08 726 5800 6 
Common Carp May-08 727 5500 6 
Common Carp May-08 727 5200 6 
Common Carp May-08 730 6250 6 
Common Carp May-08 738 4600 6 
Common Carp May-08 740 6900 6 
Common Carp May-08 633 3600 7 
Common Carp May-08 650 3600 7 
Common Carp May-08 683 3900 7 
Common Carp May-08 685 4250 7 
Common Carp May-08 710 4300 7 
Common Carp May-08 715 5900 7 
Common Carp May-08 723 5300 7 
Common Carp May-08 730 5000 7 
Common Carp May-08 733 5400 7 
Common Carp May-08 743 6300 7 
Common Carp May-08 755 6400 7 
Common Carp May-08 780 7500 7 
Common Carp May-08 664 3400 8 
Common Carp May-08 667 4400 8 
Common Carp May-08 675 3750 8 
Common Carp May-08 687 4250 8 
Common Carp May-08 688 4750 8 
Common Carp May-08 691 3900 8 
Common Carp May-08 698 3900 8 
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Appendix 5.  Continued.     
Species Date of Capture Length (mm) Weight (g) Age (years) 
Common Carp May-08 699 5000 8 
Common Carp May-08 705 5000 8 
Common Carp May-08 707 5300 8 
Common Carp May-08 723 5500 8 
Common Carp May-08 725 4400 8 
Common Carp May-08 742 5200 8 
Common Carp May-08 744 6300 8 
Common Carp May-08 750 6800 8 
Common Carp May-08 750 6000 8 
Common Carp May-08 757 6400 8 
Common Carp May-08 763 7100 8 
Common Carp May-08 765 6600 8 
Common Carp May-08 783 6600 8 
Common Carp May-08 787 7100 8 
Common Carp May-08 790 8500 8 
Common Carp May-08 793 7600 8 
Common Carp May-08 852 11230 8 
Common Carp May-08 875 12500 8 
Common Carp May-08 673 3700 9 
Common Carp May-08 682 4000 9 
Common Carp May-08 695 4000 9 
Common Carp May-08 706 5300 9 
Common Carp May-08 706 4600 9 
Common Carp May-08 708 5500 9 
Common Carp May-08 709 4600 9 
Common Carp May-08 732 6000 9 
Common Carp May-08 745 6200 9 
Common Carp May-08 755 5400 9 
Common Carp May-08 760 7000 9 
Common Carp May-08 768 6500 9 
Common Carp May-08 803 8200 9 
Common Carp May-08 820 9600 9 
Common Carp May-08 673 4200 10 
Common Carp May-08 717 4400 10 
Common Carp May-08 725 4700 10 
Common Carp May-08 725 6100 10 
Common Carp May-08 755 6400 10 
Common Carp May-08 759 5300 10 
Common Carp May-08 770 7000 10 
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Appendix 5.  Continued.     
Species Date of Capture Length (mm) Weight (g) Age (years) 
Common Carp May-08 790 7200 10 
Common Carp May-08 821 7600 10 
Common Carp May-08 741 5000 11 
Common Carp May-08 760 5500 11 
Common Carp May-08 788 6700 11 
Common Carp May-08 793 6750 11 
Common Carp May-08 796 7600 11 
Common Carp May-08 824 8300 11 
Common Carp May-08 834 9400 11 
Common Carp May-08 840 9900 12 
Common Carp May-08 875 11250 12 
Common Carp Sep-08 620 3800 6 
Common Carp Sep-08 631 3200 6 
Common Carp Sep-08 688 3400 6 
Common Carp Sep-08 623 3700 7 
Common Carp Sep-08 651 3200 7 
Common Carp Sep-08 688 4200 7 
Common Carp Sep-08 695 4800 7 
Common Carp Sep-08 695 4200 7 
Common Carp Sep-08 700 4400 7 
Common Carp Sep-08 705 4800 7 
Common Carp Sep-08 709 480 7 
Common Carp Sep-08 715 5000 7 
Common Carp Sep-08 712 5200 8 
Common Carp Sep-08 753 5600 8 
Common Carp Sep-08 758 8400 8 
Common Carp Sep-08 668 3800 9 
Common Carp Sep-08 721 5400 9 
Common Carp Sep-08 820 6800 9 
Common Carp Sep-08 840 12200 9 
Common Carp Sep-08 710 4400 10 
Common Carp Sep-08 762 7400 11 
Common Carp Sep-08 779 7200 11 
Common Carp Sep-08 817 7400 11 
Common Carp Sep-08 831 9600 11 
Common Carp Sep-08 856 9200 11 
Common Carp Sep-08 640 5200 12 
Common Carp Sep-08 755 5800 12 
Common Carp Sep-08 820 8800 12 
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Appendix 5.  Continued.     
Species Date of Capture Length (mm) Weight (g) Age (years) 
Common Carp Sep-08 865 8200 12 
Common Carp Sep-08 710 7800 13 
Common Carp Sep-08 730 5200 13 
Common Carp Sep-08 803 8200 13 
Common Carp Sep-08 831 9800 14 
Common Carp Sep-08 836 9100 14 
Common Carp Sep-08 869 10600 14 
Common Carp Sep-08 871 11600 14 
Common Carp Sep-08 801 - 15 
Common Carp Sep-08 830 10600 15 
Common Carp Sep-08 824 9400 16 
Common Carp Sep-08 780 7200 17 
Common Carp Nov-08 631 3000 3 
Common Carp Nov-08 610 3000 4 
Common Carp Nov-08 618 3500 6 
Common Carp Nov-08 671 3600 6 
Common Carp Nov-08 680 5200 6 
Common Carp Nov-08 725 5800 6 
Common Carp Nov-08 632 3200 7 
Common Carp Nov-08 633 3000 7 
Common Carp Nov-08 645 3600 7 
Common Carp Nov-08 650 3700 7 
Common Carp Nov-08 655 3500 7 
Common Carp Nov-08 657 3300 7 
Common Carp Nov-08 665 3400 7 
Common Carp Nov-08 675 4200 7 
Common Carp Nov-08 675 4100 7 
Common Carp Nov-08 685 4000 7 
Common Carp Nov-08 688 4000 7 
Common Carp Nov-08 690 4400 7 
Common Carp Nov-08 695 5000 7 
Common Carp Nov-08 697 4700 7 
Common Carp Nov-08 705 4600 7 
Common Carp Nov-08 705 4800 7 
Common Carp Nov-08 706 4600 7 
Common Carp Nov-08 710 5100 7 
Common Carp Nov-08 734 5300 7 
Common Carp Nov-08 745 5200 7 
Common Carp Nov-08 745 5800 7 
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Appendix 5.  Continued.     
Species Date of Capture Length (mm) Weight (g) Age (years) 
Common Carp Nov-08 755 5800 7 
Common Carp Nov-08 770 8000 7 
Common Carp Nov-08 840 7900 7 
Common Carp Nov-08 645 3200 8 
Common Carp Nov-08 680 3800 8 
Common Carp Nov-08 681 3400 8 
Common Carp Nov-08 681 3700 8 
Common Carp Nov-08 682 4400 8 
Common Carp Nov-08 685 4100 8 
Common Carp Nov-08 685 4400 8 
Common Carp Nov-08 695 4000 8 
Common Carp Nov-08 695 4100 8 
Common Carp Nov-08 708 4900 8 
Common Carp Nov-08 730 5000 8 
Common Carp Nov-08 735 5000 8 
Common Carp Nov-08 736 7100 8 
Common Carp Nov-08 765 5800 8 
Common Carp Nov-08 775 6200 8 
Common Carp Nov-08 778 6700 8 
Common Carp Nov-08 630 3000 9 
Common Carp Nov-08 665 3600 9 
Common Carp Nov-08 675 3900 9 
Common Carp Nov-08 675 4300 9 
Common Carp Nov-08 680 4000 9 
Common Carp Nov-08 681 4000 9 
Common Carp Nov-08 705 4600 9 
Common Carp Nov-08 714 4800 9 
Common Carp Nov-08 720 5100 9 
Common Carp Nov-08 730 5600 9 
Common Carp Nov-08 731 5500 9 
Common Carp Nov-08 750 5600 9 
Common Carp Nov-08 760 6500 9 
Common Carp Nov-08 760 6000 9 
Common Carp Nov-08 775 6200 9 
Common Carp Nov-08 775 6800 9 
Common Carp Nov-08 785 6800 9 
Common Carp Nov-08 788 6700 9 
Common Carp Nov-08 805 8600 9 
Common Carp Nov-08 873 10800 9 
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Appendix 5.  Continued.     
Species Date of Capture Length (mm) Weight (g) Age (years) 
Common Carp Nov-08 880 11200 9 
Common Carp Nov-08 655 6600 10 
Common Carp Nov-08 670 3400 10 
Common Carp Nov-08 670 3600 10 
Common Carp Nov-08 730 5400 10 
Common Carp Nov-08 765 5700 10 
Common Carp Nov-08 810 8600 10 
Common Carp Nov-08 680 4100 11 
Common Carp Nov-08 710 4700 11 
Common Carp Nov-08 746 5200 11 
Common Carp Nov-08 772 5800 11 
Common Carp Nov-08 795 8600 11 
Common Carp Nov-08 800 7200 11 
Common Carp Nov-08 721 5200 12 
Common Carp Nov-08 794 7200 12 
Common Carp Nov-08 803 8700 12 
Common Carp Nov-08 810 7000 12 
Common Carp Nov-08 850 10000 12 
Common Carp Nov-08 770 7000 13 
Common Carp Nov-08 780 7000 13 
Common Carp Nov-09 775 6200 9 
Walleye Sep-07 161 - 0 
Walleye Sep-07 166 - 0 
Walleye Sep-07 172 - 0 
Walleye Sep-07 175 - 0 
Walleye Sep-07 177 - 0 
Walleye Sep-07 179 - 0 
Walleye Sep-07 181 - 0 
Walleye Sep-07 182 - 0 
Walleye Sep-07 183 - 0 
Walleye Sep-07 184 - 0 
Walleye Sep-07 184 - 0 
Walleye Sep-07 184 - 0 
Walleye Sep-07 185 - 0 
Walleye Sep-07 185 - 0 
Walleye Sep-07 185 49 0 
Walleye Sep-07 185 - 0 
Walleye Sep-07 185 55 0 
Walleye Sep-07 185 49 0 
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Appendix 5.  Continued.     
Species Date of Capture Length (mm) Weight (g) Age (years) 
Walleye Sep-07 188 - 0 
Walleye Sep-07 190 - 0 
Walleye Sep-07 191 - 0 
Walleye Sep-07 191 - 0 
Walleye Sep-07 194 - 0 
Walleye Sep-07 195 - 0 
Walleye Sep-07 195 - 0 
Walleye Sep-07 196 61 0 
Walleye Sep-07 196 - 0 
Walleye Sep-07 197 - 0 
Walleye Sep-07 197 - 0 
Walleye Sep-07 198 - 0 
Walleye Sep-07 198 60 0 
Walleye Sep-07 200 - 0 
Walleye Sep-07 202 54 0 
Walleye Sep-07 202 - 0 
Walleye Sep-07 203 58 0 
Walleye Sep-07 203 - 0 
Walleye Sep-07 204 - 0 
Walleye Sep-07 206 - 0 
Walleye Sep-07 209 - 0 
Walleye Sep-07 213 - 0 
Walleye Sep-07 215 - 0 
Walleye Sep-07 215 - 0 
Walleye Sep-07 215 - 0 
Walleye Sep-07 216 - 0 
Walleye Sep-07 217 - 0 
Walleye Sep-07 225 - 0 
Walleye Sep-07 228 - 0 
Walleye Sep-07 262 153 0 
Walleye Sep-07 262 - 0 
Walleye Sep-07 280 - 0 
Walleye Sep-07 280 - 0 
Walleye Sep-07 282 188 0 
Walleye Sep-07 285 - 0 
Walleye Sep-07 285 - 0 
Walleye Sep-07 285 - 0 
Walleye Sep-07 288 - 0 
Walleye Sep-07 290 180 0 
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Appendix 5.  Continued.     
Species Date of Capture Length (mm) Weight (g) Age (years) 
Walleye Sep-07 290 - 0 
Walleye Sep-07 293 - 0 
Walleye Sep-07 294 - 0 
Walleye Sep-07 294 - 0 
Walleye Sep-07 295 - 0 
Walleye Sep-07 296 198 0 
Walleye Sep-07 299 - 0 
Walleye Sep-07 300 - 0 
Walleye Sep-07 274 162 1 
Walleye Sep-07 292 - 1 
Walleye Sep-07 292 - 1 
Walleye Sep-07 297 219 1 
Walleye Sep-07 297 206 1 
Walleye Sep-07 300 213 1 
Walleye Sep-07 305 - 1 
Walleye Sep-07 306 - 1 
Walleye Sep-07 311 - 1 
Walleye Sep-07 312 227 1 
Walleye Sep-07 316 - 1 
Walleye Sep-07 329 - 1 
Walleye Sep-07 178 - 2 
Walleye Sep-07 323 - 2 
Walleye Sep-07 325 284 2 
Walleye Sep-07 345 327 2 
Walleye Sep-07 355 - 2 
Walleye Sep-07 360 400 2 
Walleye Sep-07 361 507 2 
Walleye Sep-07 361 446 2 
Walleye Sep-07 363 413 2 
Walleye Sep-07 363 427 2 
Walleye Sep-07 365 - 2 
Walleye Sep-07 369 - 2 
Walleye Sep-07 370 - 2 
Walleye Sep-07 371 415 2 
Walleye Sep-07 371 457 2 
Walleye Sep-07 371 475 2 
Walleye Sep-07 372 - 2 
Walleye Sep-07 373 464 2 
Walleye Sep-07 374 - 2 
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Appendix 5.  Continued.     
Species Date of Capture Length (mm) Weight (g) Age (years) 
Walleye Sep-07 376 463 2 
Walleye Sep-07 376 - 2 
Walleye Sep-07 381 494 2 
Walleye Sep-07 381 429 2 
Walleye Sep-07 382 500 2 
Walleye Sep-07 384 - 2 
Walleye Sep-07 385 - 2 
Walleye Sep-07 385 - 2 
Walleye Sep-07 385 - 2 
Walleye Sep-07 385 - 2 
Walleye Sep-07 385 - 2 
Walleye Sep-07 386 501 2 
Walleye Sep-07 386 - 2 
Walleye Sep-07 387 - 2 
Walleye Sep-07 390 - 2 
Walleye Sep-07 390 - 2 
Walleye Sep-07 391 - 2 
Walleye Sep-07 392 - 2 
Walleye Sep-07 394 479 2 
Walleye Sep-07 394 520 2 
Walleye Sep-07 394 - 2 
Walleye Sep-07 396 - 2 
Walleye Sep-07 400 - 2 
Walleye Sep-07 400 - 2 
Walleye Sep-07 402 - 2 
Walleye Sep-07 404 - 2 
Walleye Sep-07 405 - 2 
Walleye Sep-07 405 - 2 
Walleye Sep-07 410 - 2 
Walleye Sep-07 410 - 2 
Walleye Sep-07 415 - 2 
Walleye Sep-07 419 625 2 
Walleye Sep-07 422 606 2 
Walleye Sep-07 381 - 3 
Walleye Sep-07 395 - 3 
Walleye Sep-07 414 187 3 
Walleye Sep-07 429 800 3 
Walleye Sep-07 440 800 3 
Walleye Sep-07 441 - 3 
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Appendix 5.  Continued.     
Species Date of Capture Length (mm) Weight (g) Age (years) 
Walleye Sep-07 478 1000 3 
Walleye Sep-07 538 1200 3 
Walleye Sep-07 465 - 4 
Walleye Sep-07 465 - 4 
Walleye Sep-07 468 - 4 
Walleye Sep-07 479 - 4 
Walleye Sep-07 500 1200 4 
Walleye Sep-07 513 - 4 
Walleye Sep-07 550 - 4 
Walleye Sep-07 457 1000 5 
Walleye Sep-07 504 - 5 
Walleye Sep-07 575 1200 5 
Walleye Sep-07 515 - 6 
Walleye Sep-07 549 - 6 
Walleye Sep-07 680 3400 7 
Walleye Sep-07 617 - 10 
Walleye Sep-07 726 4000 10 
Walleye Nov-07 200 - 0 
Walleye Nov-07 200 - 0 
Walleye Nov-07 201 - 0 
Walleye Nov-07 204 - 0 
Walleye Nov-07 205 - 0 
Walleye Nov-07 210 - 0 
Walleye Nov-07 224 - 0 
Walleye Nov-07 227 - 0 
Walleye Nov-07 207 - 1 
Walleye Nov-07 226 - 1 
Walleye Nov-07 303 - 1 
Walleye Nov-07 305 - 1 
Walleye Nov-07 307 - 1 
Walleye Nov-07 308 - 1 
Walleye Nov-07 309 - 1 
Walleye Nov-07 315 - 1 
Walleye Nov-07 315 - 1 
Walleye Nov-07 315 - 1 
Walleye Nov-07 318 - 1 
Walleye Nov-07 318 - 1 
Walleye Nov-07 320 - 1 
Walleye Nov-07 320 - 1 
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Appendix 5.  Continued.     
Species Date of Capture Length (mm) Weight (g) Age (years) 
Walleye Nov-07 321 - 1 
Walleye Nov-07 321 - 1 
Walleye Nov-07 326 - 2 
Walleye Nov-07 340 - 2 
Walleye Nov-07 340 - 2 
Walleye Nov-07 400 - 2 
Walleye Nov-07 403 - 2 
Walleye Nov-07 407 - 2 
Walleye Nov-07 408 - 2 
Walleye Nov-07 420 - 2 
Walleye Nov-07 457 - 3 
Walleye Nov-07 487 - 3 
Walleye Nov-07 528 - 3 
Walleye Nov-07 560 - 3 
Walleye Nov-07 466 - 4 
Walleye Nov-07 548 - 4 
Walleye Sep-08 123 13 0 
Walleye Sep-08 125 14 0 
Walleye Sep-08 130 13 0 
Walleye Sep-08 132 18 0 
Walleye Sep-08 134 14 0 
Walleye Sep-08 137 15 0 
Walleye Sep-08 142 21 0 
Walleye Sep-08 142 17 0 
Walleye Sep-08 143 21 0 
Walleye Sep-08 144 19 0 
Walleye Sep-08 148 20 0 
Walleye Sep-08 162 28 0 
Walleye Sep-08 163 34 0 
Walleye Sep-08 164 34 0 
Walleye Sep-08 188 54 0 
Walleye Sep-08 239 100 0 
Walleye Sep-08 255 130 0 
Walleye Sep-08 290 160 0 
Walleye Sep-08 294 155 0 
Walleye Sep-08 299 185 0 
Walleye Sep-08 220 90 1 
Walleye Sep-08 226 75 1 
Walleye Sep-08 230 92 1 
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Appendix 5.  Continued.     
Species Date of Capture Length (mm) Weight (g) Age (years) 
Walleye Sep-08 241 90 1 
Walleye Sep-08 245 130 1 
Walleye Sep-08 250 140 1 
Walleye Sep-08 251 130 1 
Walleye Sep-08 255 120 1 
Walleye Sep-08 256 130 1 
Walleye Sep-08 256 140 1 
Walleye Sep-08 260 135 1 
Walleye Sep-08 265 130 1 
Walleye Sep-08 268 165 1 
Walleye Sep-08 295 200 1 
Walleye Sep-08 299 190 1 
Walleye Sep-08 299 170 1 
Walleye Sep-08 300 195 1 
Walleye Sep-08 300 210 1 
Walleye Sep-08 305 230 1 
Walleye Sep-08 308 180 1 
Walleye Sep-08 310 240 1 
Walleye Sep-08 310 205 1 
Walleye Sep-08 310 240 1 
Walleye Sep-08 310 235 1 
Walleye Sep-08 312 215 1 
Walleye Sep-08 314 240 1 
Walleye Sep-08 314 150 1 
Walleye Sep-08 315 220 1 
Walleye Sep-08 315 230 1 
Walleye Sep-08 315 270 1 
Walleye Sep-08 315 235 1 
Walleye Sep-08 318 250 1 
Walleye Sep-08 318 176 1 
Walleye Sep-08 319 240 1 
Walleye Sep-08 320 260 1 
Walleye Sep-08 320 240 1 
Walleye Sep-08 320 240 1 
Walleye Sep-08 320 230 1 
Walleye Sep-08 321 260 1 
Walleye Sep-08 322 355 1 
Walleye Sep-08 323 255 1 
Walleye Sep-08 325 300 1 
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Appendix 5.  Continued.     
Species Date of Capture Length (mm) Weight (g) Age (years) 
Walleye Sep-08 330 260 1 
Walleye Sep-08 335 220 1 
Walleye Sep-08 338 290 1 
Walleye Sep-08 217 90 2 
Walleye Sep-08 246 100 2 
Walleye Sep-08 265 150 2 
Walleye Sep-08 301 210 2 
Walleye Sep-08 304 170 2 
Walleye Sep-08 305 205 2 
Walleye Sep-08 318 260 2 
Walleye Sep-08 319 240 2 
Walleye Sep-08 319 260 2 
Walleye Sep-08 322 300 2 
Walleye Sep-08 322 230 2 
Walleye Sep-08 323 280 2 
Walleye Sep-08 324 260 2 
Walleye Sep-08 338 260 2 
Walleye Sep-08 356 280 2 
Walleye Sep-08 359 320 2 
Walleye Sep-08 365 290 2 
Walleye Sep-08 368 365 2 
Walleye Sep-08 371 350 2 
Walleye Sep-08 371 394 2 
Walleye Sep-08 372 310 2 
Walleye Sep-08 375 390 2 
Walleye Sep-08 376 270 2 
Walleye Sep-08 384 350 2 
Walleye Sep-08 385 440 2 
Walleye Sep-08 395 410 2 
Walleye Sep-08 321 250 3 
Walleye Sep-08 365 330 3 
Walleye Sep-08 468 720 4 
Walleye Sep-08 520 - 5 
Walleye Sep-08 488 900 6 
Walleye Sep-08 591 1800 6 
Walleye Sep-08 645 200 9 
Walleye Sep-08 646 2200 9 
Walleye Sep-08 704 3000 11 
Yellow Bass Sep-07 61 - 0 
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Appendix 5.  Continued.     
Species Date of Capture Length (mm) Weight (g) Age (years) 
Yellow Bass Sep-07 70 - 0 
Yellow Bass Sep-07 76 - 0 
Yellow Bass Sep-07 84 - 0 
Yellow Bass Sep-07 85 - 0 
Yellow Bass Sep-07 86 - 0 
Yellow Bass Sep-07 86 - 0 
Yellow Bass Sep-07 86 - 0 
Yellow Bass Sep-07 88 - 0 
Yellow Bass Sep-07 88 - 0 
Yellow Bass Sep-07 88 - 0 
Yellow Bass Sep-07 89 - 0 
Yellow Bass Sep-07 90 - 0 
Yellow Bass Sep-07 90 - 0 
Yellow Bass Sep-07 91 - 0 
Yellow Bass Sep-07 92 - 0 
Yellow Bass Sep-07 92 - 0 
Yellow Bass Sep-07 93 - 0 
Yellow Bass Sep-07 94 - 0 
Yellow Bass Sep-07 95 - 0 
Yellow Bass Sep-07 96 - 0 
Yellow Bass Sep-07 98 - 0 
Yellow Bass Sep-07 125 - 0 
Yellow Bass Sep-07 132 - 0 
Yellow Bass Sep-07 146 48 1 
Yellow Bass Sep-07 150 57 1 
Yellow Bass Sep-07 154 46 1 
Yellow Bass Sep-07 155 48 1 
Yellow Bass Sep-07 155 53 1 
Yellow Bass Sep-07 158 54 1 
Yellow Bass Sep-07 158 48 1 
Yellow Bass Sep-07 159 53 1 
Yellow Bass Sep-07 159 49 1 
Yellow Bass Sep-07 160 62 1 
Yellow Bass Sep-07 161 55 1 
Yellow Bass Sep-07 161 53 1 
Yellow Bass Sep-07 161 60 1 
Yellow Bass Sep-07 162 56 1 
Yellow Bass Sep-07 162 73 1 
Yellow Bass Sep-07 163 57 1 
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Appendix 5.  Continued.     
Species Date of Capture Length (mm) Weight (g) Age (years) 
Yellow Bass Sep-07 163 57 1 
Yellow Bass Sep-07 163 53 1 
Yellow Bass Sep-07 163 69 1 
Yellow Bass Sep-07 164 54 1 
Yellow Bass Sep-07 164 61 1 
Yellow Bass Sep-07 165 61 1 
Yellow Bass Sep-07 165 63 1 
Yellow Bass Sep-07 165 55 1 
Yellow Bass Sep-07 165 62 1 
Yellow Bass Sep-07 166 58 1 
Yellow Bass Sep-07 166 58 1 
Yellow Bass Sep-07 166 79 1 
Yellow Bass Sep-07 167 64 1 
Yellow Bass Sep-07 167 58 1 
Yellow Bass Sep-07 168 64 1 
Yellow Bass Sep-07 170 66 1 
Yellow Bass Sep-07 170 69 1 
Yellow Bass Sep-07 172 66 1 
Yellow Bass Sep-07 172 71 1 
Yellow Bass Sep-07 173 66 1 
Yellow Bass Sep-07 175 73 1 
Yellow Bass Sep-07 180 80 1 
Yellow Bass Sep-07 180 83 1 
Yellow Bass Sep-07 180 67 1 
Yellow Bass Sep-07 180 78 1 
Yellow Bass Sep-07 195 104 2 
Yellow Bass Sep-07 198 115 2 
Yellow Bass Sep-07 198 122 2 
Yellow Bass Sep-07 200 121 2 
Yellow Bass Sep-07 201 128 2 
Yellow Bass Sep-07 201 126 2 
Yellow Bass Sep-07 202 124 2 
Yellow Bass Sep-07 202 124 2 
Yellow Bass Sep-07 202 119 2 
Yellow Bass Sep-07 203 111 2 
Yellow Bass Sep-07 205 125 2 
Yellow Bass Sep-07 205 132 2 
Yellow Bass Sep-07 207 131 2 
Yellow Bass Sep-07 208 130 2 
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Appendix 5.  Continued.     
Species Date of Capture Length (mm) Weight (g) Age (years) 
Yellow Bass Sep-07 208 136 2 
Yellow Bass Sep-07 208 130 2 
Yellow Bass Sep-07 208 143 2 
Yellow Bass Sep-07 209 135 2 
Yellow Bass Sep-07 209 137 2 
Yellow Bass Sep-07 210 127 2 
Yellow Bass Sep-07 210 137 2 
Yellow Bass Sep-07 211 137 2 
Yellow Bass Sep-07 211 145 2 
Yellow Bass Sep-07 211 140 2 
Yellow Bass Sep-07 211 144 2 
Yellow Bass Sep-07 211 139 2 
Yellow Bass Sep-07 212 143 2 
Yellow Bass Sep-07 215 149 2 
Yellow Bass Sep-07 242 243 4 
Yellow Bass Sep-07 270 350 7 
Yellow Bass Sep-07 255 290 9 
Yellow Bass Sep-08 68 3 0 
Yellow Bass Sep-08 79 4 0 
Yellow Bass Sep-08 81 5 0 
Yellow Bass Sep-08 84 5 0 
Yellow Bass Sep-08 86 5 0 
Yellow Bass Sep-08 87 6 0 
Yellow Bass Sep-08 89 6 0 
Yellow Bass Sep-08 99 10 0 
Yellow Bass Sep-08 102 21 0 
Yellow Bass Sep-08 186 91 2 
Yellow Bass Sep-08 190 109 2 
Yellow Bass Sep-08 194 103 2 
Yellow Bass Sep-08 195 110 2 
Yellow Bass Sep-08 197 106 2 
Yellow Bass Sep-08 197 117 2 
Yellow Bass Sep-08 198 126 2 
Yellow Bass Sep-08 199 123 2 
Yellow Bass Sep-08 199 111 2 
Yellow Bass Sep-08 199 121 2 
Yellow Bass Sep-08 202 118 2 
Yellow Bass Sep-08 202 117 2 
Yellow Bass Sep-08 205 140 2 
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Appendix 5.  Continued.     
Species Date of Capture Length (mm) Weight (g) Age (years) 
Yellow Bass Sep-08 216 157 2 
Yellow Bass Sep-08 212 136 3 
Yellow Bass Sep-08 213 148 3 
Yellow Bass Sep-08 219 149 3 
Yellow Bass Sep-08 221 156 3 
Yellow Bass Sep-08 226 172 3 
Yellow Bass Sep-08 233 180 3 
Yellow Bass Sep-08 241 235 4 
Yellow Bass Sep-08 243 224 4 
Yellow Bass Sep-08 260 274 7 
Yellow Bass Sep-08 283 - 7 
Yellow Bass Sep-08 259 293 8 
Yellow Bass Sep-08 263 291 8 
Yellow Bass Sep-08 266 - 8 
Yellow Bass Sep-08 274 296 8 
Yellow Bass Sep-08 276 - 8 




Appendix 6.  Age-length frequency matrix for black bullhead sampled from Clear Lake, 
Iowa. 
 Age 
Length (mm) 0 1 2 3 4 5 6 
75-99 1 - - - - - - 
100-124 16 - - - - - - 
125-149 - - - - - - - 
150-174 - - - - - - - 
175-199 - - - - - - - 
200-224 - - - - - - - 
225-249 - - - - - - - 
250-274 - - - - 2 - - 
275-299 - - - 6 9 2 1 
300-324 - - 2 7 14 7 1 
325-349 - - - - 3 1 2 
350-374 - - - - - - - 
375-399 - - - - - - - 







Appendix 7.  Age-length frequency matrix for common carp sampled from Clear Lake, Iowa. 
 Age 
Length (mm) 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 
550-574 - - - - - - 2 - - - - - - - - - - 
575-599 - - 1 - - - 3 - - - - - - - - - - 
600-624 - - 3 - 1 1 6 2 1 - - - - - - - - 
625-649 - - - 1 - 3 15 5 1 1 - - 1 - - - - 
650-674 - - - - - 1 20 9 3 3 4 - - - - - - 
675-699 - - - - - 3 16 14 18 8 2 1 - - - - - 
700-724 - - - - - 2 16 16 18 10 4 2 1 1 1 - - 
725-749 - - - - - 1 9 11 18 4 3 3 - 2 - - - 
750-774 - - - - - - 2 10 16 8 8 3 1 1 1 - - 
775-799 - - - - - - 2 3 11 6 3 6 1 3 - - - 
800-824 - - - - - - - 1 2 5 2 3 5 1 - 1 - 
825-849 - - - - - - - 2 - 1 - 3 4 - 2 1 1 
850-874 - - - - - - - 1 1 1 - 1 4 - 2 - - 
875-899 - - - - - - - - 1 1 1 1 2 - - - - 






Appendix 8.  Age-length frequency matrix for walleye sampled from Clear Lake, Iowa. 
 Age 
Length (mm) 0 1 2 3 4 5 6 7 8 9 10 11 
100-124 1 - - - - - - - - - - - 
125-149 10 - - - - - - - - - - - 
150-174 6 - - - - - - - - - - - 
175-199 29 - 1 - - - - - - - - - 
200-224 21 2 1 - - - - - - - - - 
225-249 4 5 1 - - - - - - - - - 
250-274 1 11 1 - - - - - - - - - 
275-299 3 22 - - - - - - - - - - 
300-324 - 49 12 1 - - - - - - - - 
325-349 - 5 7 - - - - - - - - - 
350-374 - - 23 1 - - - - - - - - 
375-399 - 1 27 2 - - - - - - - - 
400-424 - - 16 1 - - - - - - - - 
425-449 - - - 3 - - - - - - - - 
450-474 - - - 2 4 1  - - - - - 
475-499 - - - 1 1 - 1 - - - - - 
500-524 - - - - 2 2 1 - - - - - 
525-549 - - - 2 1 - 1 - - - - - 
550-574 - - - 1 1 - - - - - - - 
575-599 - - - - - 1 1 - - - - - 
600-624 - - - - - - - - - - 1 - 
625-649 - - - - - - - - - 2 - - 
650-674 - - - - - - - - - - - - 
675-699 - - - - - - - 1 - - - - 
700-724 - - - - - - - - - - - 1 






Appendix 9.  Age-length frequency matrix for yellow bass sampled from Clear Lake, Iowa. 
 Age 
Length (mm) 0 1 2 3 4 5 6 7 8 9 
50-74 3 - - - - - - - - - 
75-99 27 - - - - - - - - - 
100-124 1 - - - - - - - - - 
125-149 2 1 - - - - - - - - 
150-174 - 35 - - - - - - - - 
175-199 - 5 13 - - - - - - - 
200-224 - - 30 4 - - - - - - 
225-249 - - - 2 3 - - - - - 
250-274 - - - - - - - 2 4 1 






Appendix 10.  Diet proportions by number for black bullhead, common carp, walleye and 
yellow bass collected from Clear Lake, Iowa in 2007 and 2008. 
  Black Bullhead  Common Carp 
  Juvenile  Adult  Juvenile  Adult 
Prey Taxa                                  N= 4  3  3  2 
Cladocera 0.837  0.028  0.809  0 
Copepoda 0.078  0.034  0.004  0 
Chironomidae 0.016  0.014  0.022  1.000 
Sphaeriidae (fingernail clam) 0.012  0  0  0 
Crustacea (nauplii) 0.055  0.917  0  0 
Trichoptera 0.002  0  0  0 
Hirudinea 0  0  0  0 
Zebra Mussel 0  0  0.165  0 
Decapoda (crayfish) 0  0  0  0 
Logperch 0  0  0  0 
Yellow Perch 0  0  0  0 
Yellow Bass 0  0  0  0 
Bluegill 0  0.007  0  0 
Black Bullhead 0  0  0  0 
Walleye 0  0  0  0 
Unidentified Fish 0  0  0  0 
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Appendix 10.  Continued. 
 
 Walleye  Yellow Bass 
 Juvenile  Adult  Juvenile   Adult 
Prey Taxa                             N= 2  70  8  17 
Cladocera 0  0  0.508  0.344 
Copepoda 0  0  0.482  0.092 
Chironomidae 0  0  0  0.041 
Sphaeriidae (fingernail clam) 0  0  0  0 
Crustacea (nauplii) 0  0  0.010  0.522945 
Trichoptera 0  0  0  0 
Hirudinea 0  0.008  0  0 
Zebra Mussel 0  0  0  0 
Decapoda (crayfish) 0  0.008  0  0 
Logperch 0  0.058  0  0 
Yellow Perch 0  0.025  0  0 
Yellow Bass 0  0.430  0  0 
Bluegill 0.333  0.132  0  0 
Black Bullhead 0  0.017  0  0 
Walleye 0  0.025  0  0 
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